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SUrtlARY 


The  Short  Take  Off  and  Vertical  Landing  (STOVL)  fighter  propulsion 
reliability,  maintainability  and  supportability  characterization  study  was 
performed  by  Ikiiversal  Technology  Corporation  (ITTC)  under  contract  to  the 
Turbine  Engine  Division,  Aero  Propulsion  and  Power  Laboratory,  Wright 
Research  and  Development  Center,  (WKJC/POT) . 

The  objectives  of  the  study  are  listed  below: 

1.  Estimate  the  reliability,  maintainability  and  supportability 
(R,  MAS)  of  STOVL  fighter  propulsion  systems, 

2.  Rank  order  the  propulsion  concepts  beised  on  the  R,  M  &  S 
characteristics  of  each  ccsx^ept, 

3.  Identify  the  propulsion  system  components  that  are  critical  to 
the  R,  M  &  S  evaluations,  and 

4.  Recomnend  future  STOVL  propulsion  R,  M  A  S  research  efforts. 

The  information  contained  in  this  report  was  obtained  from  sources 

identified  during  a  literature  search  and  discussions  with  representatives 
of  government  and  industry  orgauiizations.  Data  was  collected  on  the 
following  propulsion  concepts:  ejector  augmentor,  hybrid  fan  vectored 
thrust  (HFVT),  lift  plus  lift/cruise,  remote  augmented  lift  (RAL) ,  and 
remote  exhaust  (REX) .  The  USAJK  Advanced  Short  Takeoff  and  Vertical 
Landing  (ASTOVL)  fighter  studies  and  the  NASA  lift  plus  lift/cruise  study 
were  the  best  sources  of  information. 

An  evaluation  method  was  developed  for  the  STDVL  propulsion  R,  M  A  S 
study.  This  method  employs  the  following  rating  parameters;  mean  time 
between  maintenance  inherent  (MTKH),  line  replaceable  vjnit  (LRU)  removad 
rate,  shop  visit  rate  (SVR),  other  subsystem/maintenance  event  rate,  in¬ 
flight  shut  down  (IFSD)  rate,  non-recoverable  in-flight  shut  down  (NRIFSD) 
rate  and  maintenance  man-hours  per  engine  flight  hour  (MIH/EFH) .  In  order 


to  estimate  the  propulsion  system  R,  M  fc  S  characteristics,  conponent  level 
data  is  needed.  Once  the  component  level  data  is  collected,  the  propulsion 
system  totals  can  be  calculated  using  a  math  model.  A  spread  sheet  model 
was  developed  to  predict  system  R,  M  &  S  characteristics  be«eri  upcm 
component  level  input.  The  R,  M  &.  S  evaluaticxi  model,  vAiile  it  appears 
valid,  was  not  used  in  this  effort.  The  information  needed  was  not  readily 
available  and  etcquiring  it  would  have  required  a  significant  effort  outside 
the  scope  of  this  task. 

As  an  interim  measure,  the  Resource  Allocation  and  Decision  Aid  (RADA) 
software  program  was  obtained  and  used  to  provide  a  subjective  evaluation 
of  the  various  STOVL  propulsion  concepts.  Tlie  results  of  the  RADA  analsrsis 
are  limited  by  the  subjectivity  of  the  evaluators. 

Through  the  course  of  the  STOVL  propulsion  concept  evaluations  it  was 

found  that  certain  components  were  critical  to  the  R,  M  &  S  estimates. 

These  components  are  listed  below: 

Vectoring  primary  nozzles 
.  Vertical  lifting  exhaust  nozzles 
.  Butterfly/Diverter  valves 

.  Variable  area  bypass  injectors 

.  Lift  engine  components 

RAL  system  burner 
.  Nozzle  actuation  systems 

.  Valve  actuation  systems 

.  Control  systems 

.  Engine  Bleed  systems 

Based  on  the  results  of  this  study,  the  following  recommendations  were  made 
for  STOVL  fighter  propulsion  system  R,  M  A  S  evaluation  efforts; 

o  Define  the  mission  profiles  and  design  requirements  to  be  used 
for  the  propulsion  system  R,  M  A  S  evaluations  early, 

o  Identify  euid  characterize  the  components  of  each  propulsion 
concept , 
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o  Obtain  conpcment  level  R,  M  fc  S  projections  from  the  engine  and 
airframe  contractors, 

o  Coi^iute  the  overall  R,  M  &  S  ratings  for  each  propulsion  concept 
by  sunning  up  the  component  level  data, 

o  If  the  propulsiixi  system  R,  M  &  S  projections  do  not  meet  the 

requirements,  identify  coap(»ients  possessing  low  R,  M  &  S  ratings 
and  establish  development  programs  to  impiove  the  R,  M  &  S 
characteristics  of  these  cooqponents. 
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1.0  TNTROXXnON 


171X7  was  tasked  by  the  WRDC  Aero  Propulsion  and  Power  Laboratory  to 
investigate  the  R,  M  &  S  characteristics  of  various  STCVL  propulsion 
concepts.  Tbe  Laboratory  was  interested  in  the  R,  M  &  S  characteristics  of 
the  concepts  since  the  engine  design  can  be  influenced  by  these 
characteristics.  The  study  focused  on  the  ejector  augmentor,  HFVT,  lift 
plus  lift/cruise,  RAL  and  REX  propulsion  concepts.  Information  on  these 
propulsion  concepts,  to  the  ext^t  that  it  was  available,  was  collected 
from  the  USA®  ASTOVL  studies  and  the  NASA  lift  plus  lift/cruise  study. 

Four  objectives  were  set  for  this  stixiy: 

1.  Estimate  the  R,  M  &  S  characteristics  of  the  five  STOVL 
propulsion  concepts, 

2.  Rank  order  the  propulsion  concepts  beised  on  the  R,  M  &  S 
estimates , 

3.  Identify  the  propulsion  system  components  that  are  critical  to 
the  R,  M  &  S  evaluations,  and 

4.  Recommend  future  STOVL  propulsion  R,  M  &  S  research  efforts. 

A  four  step  approeujh  wbis  used  to  meet  the  objectives  of  the  study: 

1.  (Collect  data  on  the  ejector  augmentor,  HFVT,  lift  plus 
lift/cruise,  RAL  and  REX  propulsion  concepts.  Obtain  this  data 
from  govemraent/industry  organizations  and  sources  identified  by 
a  literature  search. 

2.  Develop  a  method  to  evaluate  the  R,  M  &  S  characteristics  of  the 
propulsion  concepts, 

3.  Analyze  the  collected  information  in  order  to  evaluate  the  R,  M  &  S 
characteristics  of  each  propulsion  concept,  and 

4.  Rank  order  the  propulsion  concepts  and  identify  the  pxropulsion 
components  critical  to  the  R,  M  &.  S  estimates. 

The  limitations  Eissociated  with  the  study  are  stated  below: 

1 .  The  USAJK  ASTOVL  and  NASA  lift  plus  lift/cruise  studies  did  not 
contain  sufficient  information  on  the  propulsion  system  component 
designs  to  determine  the  R,  M  &  S  characteristics  these  components. 
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2.  No  significant  R,  M  &  S  data  was  obtained  from  the  engine 
contractors  or  the  airframe  contractors  on  the  STOVL  propulsion 
systems,  and 

3.  The  R,  M  &  S  analysis  method  discussed  in  the  report  was  meant  to 
establish  R,  N  &  S  characteristics  at  the  organizational  level. 
Intermediate  and  depot  level  maintainability  and  supportabililty 
issues  are  not  addressed  in  this  analysis. 

2.0  RELIABILITY,  MAINTAINABILITY  AND  SUPPORTABILITY  EVALUATION  MEIHM) 

A  method  to  evaluate  the  R,  M  &  S  characteristics  of  a  STXDVL 

propulsion  system  was  developed.  The  evaluaticm  method  is  curroitly  set  up 

to  provide  an  estimate  of  organizational  level  R,  M  It  S.  Information 

obtained  from  propulsion  system  flow  charts,  FMBCA  reports,  technical 

orders,  and  field  level  reports  can  be  used  to  estimate  propulsion  ssrstem 

R,  M  &  S  characteristics.  Data  should  be  gathered  on  each  propulsion 

system  component.  After  the  data  has  been  collected,  the  total  propulsion 

system  R,  M  A  S  can  be  calculated  by  sxmming  the  component  level  data. 

Once  the  R,  M  &  S  estimates  have  been  calculated  for  each  concept,  the 

concepts  can  be  compared  to  one  another. 

In  order  to  rate  propulsion  system  R,  MAS,  some  measures  of  merit 

needed  to  be  defined.  The  following  parameters  were  selected  to  meetsure 

the  R,  M  A  S  of  a  propulsion  concept: 

1.  Mean  time  between  maintenance  inherent  events  (MTBMI) , 

2.  Other  subsystem/maintenance  event  rate, 

3.  Line  replaceable  unit  removal  rate  (LRU), 

4.  Stop  visit  rate  (SVR), 

5.  In-flight  shut  down  rate  (IFSD), 

6.  Non- recoverable  in-flight  shut  down  rate  (NRIFSD),  and 

7.  Maintenance  man-hours  per  engine  flight  hour  (^t•^/KFH). 

Definitions  of  these  parameters  are  located  in  appendix  A.  MraW 

provides  an  estimate  of  the  system  reliability.  IFSD  and  NRIFSD  rates 
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measure  syston  safety.  MMH/EFH,  SVRt  l-RU  and  other  subsystem/maintenance 


event  rates  are  used  to  track  system  supportability  and  system  costs. 

These  rating  parameters  were  selected  for  the  model  since  the  Propulsion 
System  Program  Office  of  the  Aeronautical  Systems  Division,  Wright- 
Pat  terson  Air  Force  Base,  uses  these  parameters  to  measure  the  R,  M  &  S  of 
current  propulsion  systems.  Other  measures  of  merit  could  have  been 
selected  for  the  model,  but  the  ones  chosen  will  give  a  good  indication  of 
the  R,  M  &  S  characteristics  of  future  propulsion  concepts. 

Propulsion  system  components  need  to  be  defined  before  R,  M  &  S 
estimates  can  be  inade.  System  flow  charts  can  be  developed  to  show  the  key 
propulsion  components.  Figure  1  shows  an  example  of  a  system  flow  chart. 


FIGURE  1 .  Lift  Engine  Flow  Chart  Example 
After  the  system  flow  charts  eore  developed,  data  must  be  gathered  on 
each  propulsion  component.  Component  level  R,  M  ft.  S  estimates  can  be 
derived  from  information  compiled  on  previously  developed  hardware.  R,  M  ft  S 
estimates  need  to  eiccount  for  the  component  usetge  and  environment.  Usage 
and  environment  information  can  be  estimated  from  mission  profile  requiremraits . 
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The  relationship  between  unscheduled  and  scheduled  maintenance  events 
needs  to  be  included  in  the  system  evaluations  since  scheduled  maintenance 
event.s  are  designed  to  prevent  unscheduled  maintenance  events.  Unscheduled 
maintenance  event  rates  can  be  estimated  from  FMECA  and  field  maintenance 
event  reports  of  current  propulsion  syst-mis.  Scheduled  maintenance  event 
rates  can  be  estimated  from  Technical  Orders  developed  for  fielded 
propulsion  systems  and  STOVL  propulsion  system  design  requiirementa . 

After  the  unscheduled  and  scheduled  maintenance  event  rate  estimates 
are  established,  maintenance  man-hours  can  be  estimated.  Maintenance  man¬ 
hours  should  include  the  time  required  to  isolate  the  fault,  remove  a 
faulty  component,  install  and  check  a  new  component.  Maintenance  man-hour 
data  can  be  estimated  from  field  maintenance  reports  and  maintenance  man¬ 
hour  analyses  conducted  for  previously  developed  propulsion  systesB. 

Once  the  component  level  R,  M  it  S  values  are  determined,  a  math  model 
can  be  used  to  sum  the  component  data.  A  spread  sheet  math  model  was 
developed  to  calculate  propulsion  system  unscheduled,  scheduled  and  total 
maintenance  event  rates.  A  description  of,  and  set  of  instructions  for  the 
spreadsheet  model  are  in  appendix  B. 

In  order  to  compare  the  propulsion  concepts,  a  spread  sheet  must  be 
completed  for  each  concept.  The  spreadsheet  calculates  the  R,  M  &  S 
parameters  and  places  these  parameter  ratings  in  the  sunmary  section  of  the 
spreadsheet.  The  propulsion  systems  can  be  ranked  by  comparing  the 
parameter  values  located  on  the  summary  sheet. 

3.0  STOVL  PROPULSION  SYST0!  RATINGS 

The  R,  M  &  S  characteristics  of  the  ejector  augmentor,  HFVT,  lift  plus 
lift/cruise,  RAL  emd  REX  propulsion  concepts  were  evaluated.  Propulsion 
system  flow  chaurts  were  developed  for  each  ccwxsept.  The  USAK  ASTOVL 
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studies  and  the  NASA  lift  plus  lift/cruise  study  provided  some  inputs  for 
the  propulsicwi  system  flow  charts  but  they  did  not  fully  define  the 
propulsion  concepts.  Additional  entries  were  made  on  the  flow  charts  to 
represent  aspects  of  the  propulsion  ss^tem  that  were  not  defined  in  the 
USAJK  artd  NASA  studies. 

The  components  of  the  propulsion  concepts  were  grouped  into  seven 
categories.  Figure  2  shows  the  categories  that  were  defined  for  the  system 
flow  charts. 


ADDITIONAL  AIRCRAFT 
PROPULSION  COMPONENTS 


ADDITIONAL  AIRCRAFT 
PROPULSION  SUBSYSTEMS 


FIGURE  2 .  Propulsion  Ccanponent  Categories 
The  baseline  main  engine  component  group  was  the  same  for  all  the 
concepts.  Appendix  C  contains  the  baseline  main  engine  component  group 
flow  charts.  The  other  category  groups  contain  components  that  sure 
specific  to  each  concept.  The  six  component  groups  that  were  developed  for 
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each  cOTicept  are  shown  in  the  following  appraidices:  Appendix  D  -  Ejector 

Augroentor,  Appendix  E  -  HFVT,  Appendix  F  -  Lift  plus  Lift/Cruise,  Appendix 
G  -  RAL,  App^idix  H  -  REX. 

After  the  system  flow  charts  were  defined,  an  attempt  was  made  to 
collect  data  on  each  of  the  STOVL  propulsion  compcments  shown  on  the 
charts.  However,  it  soon  became  appar^t  that  R,  M  &  S  data  was  not 
readily  available  for  the  propulsion  concepts.  No  component  level  data  was 
contained  in  the  US  AIK  ASTOVL  or  NASA  lift  plus  lift/cruise  studies,  nor 
was  R,  M  &  S  data,  obtained  from  the  engine  and  airframe  manuf actiirers . 

Another  approach  to  estimating  component  level  R,  M  A  S  nuidsers  is  to 
gather  information  on  currently  fielded  componmts  and  extrapolate  this 
data  "by  similarity"  to  the  STOVL  propulsicxi  compcMnents. 
Reliabililty/maintainability  status  reports  and  technical  orders  on  two 
current  operational  engines  were  obtained  in  order  to  explore  this  approach 
to  estimating  STOVL  propulsion  conpcxtent  R,  M  &  S  values.  Current  ssrstem 
component  data  was  compiled  and  entered  into  the  spread  sheet  formats. 

While  the  current  system  data  is  available  and  adequate  for  this  approach, 
there  is  not  adequate  detailed  design  data  on  the  STOVL  propulsion 
components  to  establish  the  necessary  similarity  to  ciirrent  coopcments  to 
use  this  approach. 

The  attanpts  to  provide  a  system  evaluation,  based  upcxi  the  usual 
R,  M  &  S  approaches,  could  not  be  accomplished  since  actual  STOVL  hardware 
and  design  data  beises  sure  not  available.  Thus,  a  subjective  evaluaticm  of 
the  relative  R,  M  &  S  merits  of  the  STOVL  propulsion  ccxicepts  was  ccxiducted. 

The  hierarchy  used  for  the  subjective  evaluation  process  is  given  in 
Figure  3.  The  five  STOVL  propulsion  concepts  are  the  alternatives  to  be 
compared. 
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lOich  prnfMjIsion  corw-i'pl  is  suMi  inti)  I  Ik'  six  S'lXtVl,  <•(xnfK)n«^nt 

tiroups  irlnnt  i  rie<J  in  Fitfurf)  .'t.  The  tiaseline  main  entjine  ('(Hn]r)()nent,  urouf) 
was  not  inclu(i€^  since  this  group  was  the  same  for  all  the  concepts  and 
would  not  affe^f't  the  concept  rankings.  The  R,  M  &  S  characteristics  and 
their  asso<'iat€id  factors  are  evaluated  for  each  component  group.  The  basic 
sut),i<K-t  i ve  . judgement  which  is  made  is  at  the  factor  level  for  each 
characteristic  component  group  and  propulsion  concept.  These  judgments 
wer<‘  rnfide  assuming  a  common  mission/usage  for  all  prof)ulsion  concepts. 


Alternatives 


STOVL 

Component 

Groups 


Characteristics 


Factors 


FIGURE  3.  Subjective  Evaluation  Process  Hierarchy 
Ttie  ratings  were  conducted  on  a  relative  basis.  For  example,  the 
comolexitv  factor  for  the  additional  aircraft  propulsion  components  of  the 
c  jcctcr  augmentor  was  compared  to  the  complexity  factor  for  the  additional 
aircraft  propulsion  components  of  the  HFV'T.  lift  plus  lift/cruise.  RAL  and 
RT*^  Kvstem.s.  Raw  scores  for  each  factor  were  determined  on  a  scale  of  1  to 
4  -  1  l)eing  t,he  best  and  4  being  the  worst.  Weights  were  assigned  to  the 
far-t.ors  and  characteristics  of  each  STOVL  component  group. 
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An  cxiKl  inc  R»!RO\jrro  A1  Icx'at.ion  and  Df^f'isinri  Aid  (ftADA)  proar*ain  was 
iisf^i  to  cf^npute  Lhe  ratings  basfxi  upon  the  assigned  raw  scores  and 
weight  ing  (’ac't.ors,  A  brief  description  of  t.his  prognim.  t.hc'  injout,  raw 
scores,  weighting  factors  and  the  computed  intermediate  ratings  are  given 
in  apfX'fidix  I. 

The  relative  R,  M  &  S  ratings  of  the  five  STOVL  propulsion  concepts 
for  each  of  the  six  STOVL  component  groups  is  given  in  Table  1 .  The  scale 
is  1  -  10  with  1  being  best  and  10  worst.  The  STOVL  component  group 
weighting  factors  (wt)  used  to  combine  these  ratings  into  an  overall 
[)ropul si f)n  i;oncept  rating  also  are  given  in  table  1.  The  main  engine  and 
the  concept  specific  component  groups  were  judged  to  have  a  greater  impact 
on  t.lif!  H,  M  &  S  characteristics  of  the  propulsion  systems  and,  thus,  were 
given  larger  weighting  factors. 

TARliF,  1  -  STOVL.  Component  Group  R,  M  &  S  Ratings  and  Weighting  Factors 


ADDITIONAL 

ADDITIONAL 

CONCEPT 

CONCEPT 

ADDITIONAL 

ADDITIONAL 

MAIN  ENGINE 

MAIN  ENGINE 

SPECIFIC 

SPECIFIC 

AIRCRAFT 

AIRCRAFT 

COMPONENTS 

SUBSYSTEMS 

COMPONENTS 

SUBSYSTEMS 

PROPULSION 

PROPULSION 

COMPONENTS 

SUBSYSTEMS 

WT  =  2 

WT  i  1 

WT  =  2 

WT  =  1 

WT  =  1 

WT  =  1 

EJECTOR 

6 

6 

8 

5 

1 

1 

LIFT  Cr  LIFT/CRUISE 

1 

1 

10 

10 

6 

10 

RALS 

8 

10 

9 

8 

3 

10 

REX 

1 

1 

6 

4 

2 

10 

HFVT 

10 

6 

1 

1 

10 

6 

Table  2  displays  the  resulting  ratings  of  the  STOVl.  propulsion  (.'oncefrts  ^nd 
thf;ir  rank  order,  from  best  to  worst. 

TVie  RFS  propirlsion  concept  had  the  best  R.  M  &  S  characteristics  due 
to  the  low  ratings  given  to  the  additional  main  engine  components, 
adrlitional  aircraft  components,  additional  main  engine  subsystem  and 
vert ical  lift  subsystem  groups. 
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The  relative  desisn  aimplicitv  and  maturitv  of  the  implied  technolog^’• 
associated  with  these  component  groups  resulted  in  the  low  ratings. 

The  RAL  propulsion  concept  had  the  worst  R.  M  &  S  characteristics  due 
the  hieh  ratines  eiven  to  the  additional  main  eneine  components,  additional 
main  eneine  subsvstems,  vertical  lift  components,  vertical  lift  subsystems 
and  additional  aircraft  subsystem  groups.  These  groups,  when  put  together, 
were  more  complex  than  the  component  grotips  associated  with  the  other 
propulsion  concepts.  The  technologies  implied  in  the  RAL  system  did  not 
appeeu*  as  mature  as  the  technologies  employed  in  other  propulsion  concepts. 

TABLE  2 .  STOVL  Propulsion  System  R.  M  &  S  Ranking 


Concept  Rating 

REX  1 

E.iector  Augmentor  4 

HFVT  5 

Lift  plus  lift/cruise  6 

RAL  10 


Rank 

1 

2 

3 

4 

5 


4.0  CRITICAL  STOVL  PROPULSIOJ  OOMPCKENTS 

During  the  R.  M  &  S  rating  process,  certain  STOVL  propulsion 

components  were  determined  to  be  critical  to  the  evaluation  process.  Each 

propulsion  concept  hee  a  set  of  these  critical  components.  The  critical 

components  associated  with  each  coraiept  are  listed  below. 

E.iector  Augmentor 

Additional  main  engine  components 
.  Primary  nozzle 
.  Variable  area  bypass  iaiectors 
.  Spherical  flexural  .ioint 
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Additioiml  main  engine  systems 
.  Control  system 

.  Primary  nozzle  actuaticoi  system 
.  Variable  area  bypass  injector  actuation  system 

Concept  specific  components 
.  Ventral  nozzle 
.  Ejector  nozzle  assembly 
.  Butterfly  valves 
.  Ejector  air  distributicun  plenums 

Concept  specific  subsystems 
.  Control  system 

.  Ventral  nozzle  actuaticMi  system 
.  Butterfly  valve  actuation  system 
.  Ejector  door  actuation  system 

Lift  plus  Lift/Cruise 

Additional  main  engine  con^nents 
.  Primfiury  nozzle 

Additional  main  engine  subsystems 
.  Control  system 

.  PriFnary  nozzle  actuation  system 

Concept  specific  components 
.  Block  and  turn  nozzle 
.  Butterfly  valve 
.  Lift  ^igine 

Concept  specific  subsystems 
.  Control  system 

Block  and  turn  nozzle  actuation  system 
.  Butterfly  valve  actuation 
.  Lift  engine  fuel  system 
.  Lift  engine  lubrication  syston 

Remote  Augmented  Lift 

Acklitional  main  engine  components 
.  Primary  nozzle 
.  Variable  area  bypass  injector 

Additional  main  oigine  subsystems 
.  Control  system 

Primary  nozzle  actuation  system 

Varieible  area  bypass  injector  actuatiwi  system 

Concept  specific  components 
.  RAL  nozzle 
RAL  burner 
.  Bellow  clamp 
.  Butterfly  valve 
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(V)nrept  specific  subsystems 
.  Control  system 
.  RAL  burner 
.  RAL  fuel  system 

.  Butterfly  valves  actuation  system 
Remote  Exhaust 

Additional  main  engine  components 
.  Primary  nozzle 

Additional  main  em?ine  subsystems 
.  Control  system 

.  PrimazT  nozzle  actuation  system 

Concept  specific  components 
.  Ventral  nozzle 
.  Lift  nozzle 
.  Butterfly  valves 
.  Expansion  bellows 

Concept  specific  subsystems 
.  Control  system 

.  Ventral  nozzle  actuation  system 
.  Lift  nozzle  actuation  system 
.  Butterfly  valve  actuation 

Hybrid  Fan  Vectored  Thrust 

Additional  main  enccine  components 
.  Primary  nozzle 
.  Lomt  low  pressure  shaft 

Additional  main  engine  subsystems 
.  Control  system 
.  Primary  nozzle  actuation 

Concept  specific  components 
.  Front  nozzles 
.  Diyerter  yalye 

Concept  specific  subsystems 
.  Control  system 
.  Front  nozzle  actuation  system 
.  Diverter  valve  actuation  system 

In  order  to  refine  the  R,  M  &  S  rating  process  discussed  in  section 
3.0,  defined  design  data  will  need  to  be  available  on  these  critical  STOVL 
propulsion  components.  Ihe  R.  M  &  S  chEuscteri sties  of  these  cooqponents 


11 


will  be  hard  to  estimate  based  on  similaurity  since  rnsny  of  the  STOVL 
ocnponents  are  not  closely  related  conqponents  of  current  propulsion 
systems. 

5.0  OONdJUSICNS 

Ibe  R,  M  &  S  characteristics  of  various  STOVL  propulsion  concepts  were 

addressed  in  this  study.  Ibe  lack  of  detailed  design  data  for  the  STOVL 

propulsion  concepts  precluded  applying  the  ustial  cosqponent  allocation 

build-up  or  "similarity"  approaches  to  estimating  the  R,  M  &  S 

characteristics  of  these  concepts.  A  sjnead  sheet  eveLluation  model  was 

generated  ihich  should  provide  Increasingly  realistic  R,  M  A  S  civaluatlons 

as  design  configurations  solidify.  A  subjective  evalmtion  process  was 

developed  and  applied  to  the  STQfVL  propulsicm  concepts  examined  in  this 

study.  The  framewoxh  for  the  process  was  based  on  system  flow  charts 

developed  for  each  STOVL  propulsion  concept.  Judgments  were  made  on  the 

concept.  The  resulting  rankings  are  listed  (from  best  to  worst)  in  Table  2. 

During  the  evaluations,  a  groiq}  of  the  propulsion  components  were 

determined  to  be  critical  to  the  STOVL  propulsion  system  R,  M  A  S 

estimates.  These  conponoits  are  listed  below; 

.  Vectoring  primary  nozzles 
.  Vertical  lifting  exhaust  nozzles 
.  Butterfly/Diverter  valves 
.  VEuriable  area  bypass  injectors 
.  Lift  engine  compcxients 
.  RAL  burner 

Nozzle  actuation  systems 
Valve  actuation  systems 
Control  systems 
Engine  bleed  systems 

A  component  allocation-based  analysis  will  be  needed  to  predict  to  the 
R,  M  A  S  characteristics  of  the  various  propulsion  concepts.  Detailed 
design  work  and  sub-system  testing  will  provide  increasing  realistic  inputs 
to  future  R,  M  A  S  evaluaticxis . 
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6.0  RECX]^t1ENDATIONS 


Tlie  following  recounendationa  were  Bade  for  future  STOVL  flitter 
propulsion  R,  N  &  S  studies. 

o  Define  the  mission  profiles  and  design  requirements  to  be  used  for 
the  propulsion  system  R,  M  &  S  evaluations.  If  the  actual  field 
envircwiment  is  different  from  the  mvironment  used  for  the 
propulsicHi  system  evaluations,  the  results  of  the  R,  M  &  S 
evaluaticHi  may  be  inaccurate. 

o  Identify  the  components  of  each  propulsion  concept.  Coopon^t 
level  allocations  will  be  used  to  calculate  the  total  propulsion 
system  R,  M  &  S  estimates.  Propulsion  system  flow  charts  can  be 
used  to  identify  all  the  components.  Engine  and  airframe 
contractors  will  need  to  supply  information  for  this  effort. 

o  Obtain  component  level  R,  M  &  S  projections  from  the  oigine  and 
airframe  contractors.  Detailed  design  studies  and  testing  may  be 
required  to  provide  accurate  conqponent  level  R,  M  &.  S  projections. 

o  Compute  the  overall  R,  M  &  S  ratings  for  each  propulsion  concept  by 
sumning  the  component  data  in  a  R,  M  &  S  math  model.  A  model 
similar  to  the  spread  sheet  analysis  method  discussed  in  this  study 
could  be  used. 

o  If  the  propulsion  system  R,  M  &  S  projections  do  not  meet  the 

system  requirements,  components  possessing  low  R,  M  &  S  projections 
will  need  to  be  identified.  Development  programs  should  be 
established  to  improve  the  R,  M  &  S  characteristics  of  low  rated 
components . 
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APPENDIX  A 


RELIABILITY.  MAINTAINABILITY  AND  SUPPORTABILITY  DEFINITIONS 
In-flight  shut  down  rate  (IFSD) 

The  total  number  of  engine  chargeable  shut  downs,  divided  by  the  total 
EFB  for  the  calculation  period,  times  1,000.  In-flight  shut  downs 
include  those  events  involving  the  stoppage  of  an  engine  that  are 
necessary  in  the  jxjdgment  of  the  pilot  or  air  crew  to  prevent 
airframe/engine  damage  and  personnel  hazards.  They  include  both 
recoverable  and  non-recoverable  IFSD's. 

Non-recoverable  in-flight  shut  down  rate  (NRIFSD)  (single  engine  aircraft) 

The  total  number  of  engine  chargeable  non-recoverable  shut  downs, 
divided  by  the  total  EFH  for  the  calculation  period,  times  1,000. 
Non-recoverable  in-flight  shut  downs  include  those  evmts  involving 
engine  stoppages  that  can  not  be  restarted  or  engine  power  losses 
that  would  not  allow  the  aircraft  to  retiom  to  a  landing  site. 

If  a  restart  is  not  attempted,  an  assessment  of  the  cause  of  the 
shut  down  will  be  made  to  determine  if  a  restart  would  have  be«i 
successful . 

Line  replaceable  unit  (LRU)  removal  rate 

Ibe  sun  of  the  inherent  scheduled  and  unscheduled  LRU  removals, 
divided  by  the  total  EFH  for  the  calculation  period,  times  1,000. 
Components  subsequently  bench-checked  ok  in  the  shop  are  not  excluded. 
^^iltiple,  identical  LRUs  replaced  at  the  same  time  are  conaidered 
a  single  event.  If  LRUs  fail  independently,  each  failure  shall 
be  counted  as  a  removal. 

Shop  visit  rate  (SVR)  (engine  chargeable) 

IHe  sum  of  the  inherent  scheduled  and  unscheduled  engine  removals 
divided  by  the  total  EFH  for  the  calculation  period,  times  1,000. 

Other  subsystem  removal  rate 

The  sum  of  the  inherent  scheduled  and  unscheduled  other  subsystem 
removals,  divided  by  the  total  EFH  for  the  calculation  period, 
times  1,000. 

Maintenance  man-hour  (^WH) 

Maintenance  nan-hours  include  all  man-hours  required  to  maintain  the 
engine  for  all  engine  causes.  These  man-hours  include  the  time  required 
for  fault  isolation  and  checkout,  engine  removed  and  replaoemoit, 
engine  buildup  and  teardown,  component  repair  and  adjustment, 
component  ranoval  emd  replacement,  scheduled  inspections,  and  all  other 
engine  service  (including  time  compliance  technical  order  aocon^lishment) . 
Note:  unless  otherwise  stated,  lOOX  efficiency  is  assuned  for  MMH\EFH 
(efficiency  factors  must  be  applied  to  predict  true  operational  values). 
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Mean  time  between  maintenance- inherent  (MTBMI) 

Average  engine  flight  hours  between  inherent  maintenance  events  at  the 
orgamizational  level  of  maintenance. 
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APPENDIX  B 


SITOAD  SHEgr  DESCRIPTION  AND  INSmiCTIOlS 


The  spread  sheet  mode]  can  be  used  to  estimate  the  reliability, 
maintainability,  and  supportability  of  a  propulsion  system.  The  spread 
sheet  was  developed  with  the  Symphony  software  peickage.  An  introduction 
and  a  spread  sheet  layout  diagram  are  included  in  the  model.  The 
introduction  and  layout  diagram  are  shown  on  the  following  page. 

The  R,  N  &  S  criteria  used  to  rate  the  propulsion  systems  are  listed 
below: 

1.  Inherent  Maintenance  Events  (MI) 

2.  Other  Subsystem/Maintenance  event  rate 

3.  Line  Replaceable  Unit  Removal  Rate  (LRU) 

4.  Shop  Visit  Rate  (SVR) 

5.  In-Flight  Shut  Down  Rate  (IFSD) 

6.  Non-Recoverable  In-Flight  Shut  Down  Rate  (NRIFSD) 

7.  Maintenance  Man-Hours  per  Bigine  Flight  Hour  (MH/EFH) . 

Definitions  of  these  peu'ameters  are  given  in  appendix  A.  The  model 
requires  inputs  for  each  of  these  paranieters  at  the  propulsion  component 
level . 

Ckamponent  level  data  will  need  to  be  input  into  each  secticxi  of  the 
spread  sheet.  The  model  has  seven  calculation  sheets: 

1.  Sunmary  sheet 

2.  Unscheduled  major  propulsicai  subsystem  events  sheet 

3.  Scheduled  major  propulsion  subsystem  events  sheet 

4.  Unscheduled  line  replaceable  unit  events  sheet 

5.  Scheduled  line  replaceable  unit  events  sheet 

6.  Unscheduled  other  subsystem/maintenance  events  sheet 

7 .  Scheduled  other  subsystem/maintenance  events  sheet . 

These  seven  calculation  sheets  are  described  on  the  following  pages. 
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SPREADSHEET  INTRODUCTIC»J  AND  LAYOLfT 
Thp  int,rr)dix':t,ion  included  in  the  spread  sheet  model  is  shown  l)elow: 

The  Universal  Technology  Corporation  propulsion  system  reliability, 
maintainability  and  supportability  model  is  designed  to  estimate  the 
R.  M  &  S  characteristics  of  propulsion  systems.  Standard  ASD/YZ 
parameters,  definitions  and  data  analysis  methods  are  lised. 

The  model  is  divided  into  seven  ma.jor  sections; 

1 .  R ,  M  &.  S  Summary  Sheet 

2.  Unscheduled  Major  Propulsion  Subsystem  Events  Sheet 

3.  Scheduled  Major  Propulsion  Subsystem  Events  Sheet 

4.  Unscheduled  Line  Replaceable  Unit  Events  Sheet 

5.  Scheduled  Line  Replaceable  Unit  Events  Sheet 

6 .  Unscheduled  CMdier  Subsystems /Maintenance  Events  Sheet 

7.  Scheduled  Other  Subsystems /Maintenance  Events  Sheet. 

Data  inputs  are  required  in  each  of  the  seven  major  sections. 
Portions  of  the  spread  sheet  aire  protected  to  prevent  incorrect  ceil 
entries.  The  spread  sheet  instructions  should  be  read  before  data  is 
entered  into  the  model. 

SPREADSHEET  LAYOLTr 


The  general  layout  of  the  model  is  shown  in  figure  4. 


SPREAD  SHEET 
INTRODUCTICW 


R.  M  &  S 

UNSCHEDULED 

SCHEDULED 

SLM4ARY 

MAJC«  PROFULSICW 

MAJOR  PROPUI^ION 

SHEET 

SUBSYSTEM  SHEET 

SUBSYSTEM  SHEET 

UNSCHEDULED 

LINE  REPLACEABLE 
UNIT  SHEET 

SCHEDULED 

LINE  REPLACEABLE 
UNIT  SHEET 

UNSCHEDULED 

SCHEDULED 

OTHER  EVENT 

OTHER  EVENT 

SHEET 

SHEET 

FIGURE  4.  Spreeui  Sheet  Layout  Diagram 
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SUWARY  SHEET 


This  sheet  is  partitioned  into  four  tables: 

1 .  Propulsion  system  general  information  table 

2.  Unscheduled  events  stninary  table 

3.  Scheduled  events  sumary  table 

4.  Combined  unscheduled  and  scheduled  events  sumneury  table. 
Information  on  each  table  is  provided  below. 

General  Information  Sheet 


This  table  contains  basic  information  on  the  propulsion  system.  Hie 
inputs  required  for  this  sheet  are  listed  below.  The  entry  location  for 
each  input  is  shown  on  table  3 . 

1 .  Propulsion  concept 

2.  Aircraft  manufacturer 

3.  Aircraft  model 

4.  Engine  manufacturer 

5 .  Engine  model 

6 .  Ground  Rules 

A.  Baseline  mission  profile 

B.  New  mission  profile  (used  only  when  the  effects  of  new 
mission  profiles  are  being  estimated) 

C.  Total  accumulated  flight  hours  for  the  entire  engine  fleet 

D.  Number  of  propulsion  systems  in  the  fleet 

E.  Evaluation  time  period  (number  of  engine  flight  hours  that 
su^cvmiulate  during  the  maintenance  data  collection  time  period) 

F.  Average  vertical  propulsion  system  operating  time  per 
propulsion  system. 


TABLE  3 .  ProTJulaion  Syatem  General  Informaticai 


GENERAL  INFtDKMATION 


1.  PROPULSiai  OCWCEPT: 

2.  AIRCRAFT  MPQ: 

3.  A/C  OONFIGIURATION/MC»EL: 

4.  ENGINE  MFG: 

5.  ENGINE  OCWFIGURATION/MODEL: 

6.  GROUND  RULES: 

A.  BASELINE  MISSION  PBOFILE/MIX  NUMBER: 

B.  NEW  MISSIOI  PBOFILE/MIX  NUMBER: 

C.  AVERAGE  EFH  PER  PBOPUISICW  SYSTEM: 

D.  NUMBER  OF  PROPULSION  SYSTEMS: 

E.  EVENT  RATE  EVALUATION  TIME: 

F.  AVERAGE  VERTICAL  EFH  PER  SYSTEM: 


Unscheduled  Events  Sumneiry  Table 

This  table  sums  up  all  the  unscheduled  maintenance  events.  Data  is 
automatically  collected  from  the  Unscheduled  Major  Propulsion  Subsystem 
Events  Sheet,  the  Unscheduled  Line  Replaceable  Unit  Events  Sheet  and  the 
Unscheduled  Other  Subsystem/Maintenance  Events  Sheet.  No  inputs  are 
required  on  table  4. 

TABLE  4 .  Unscheduled  Events  SumaBury 
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Scheduled  Events  Si"«<ary  Table: 

This  table  suns  up  all  the  scheduled  maintenance  events.  Data  is 


automatically  collected  from  the  Scheduled  Major  Propulsion  Subsystem 
Events  Sheet,  the  Scheduled  Line  Replaceable  Unit  Events  Sheet  and  the 
Scheduled  Other  Subsystem/Maintenance  Events  Sheet.  No  inputs  are  required 
on  this  table  5. 

TABLE  5 .  Scheduled  Events  Sunnary 


SCHEDULED  EVENTS  PER  CATEGO 
( EVENT/ IK  EFR) 

»Y 

CONTRl ' 

BUTI  ON 

OF 

rATrnoRV 

HI 

OTHER 

LRU 

SVR 

I  PSD 

NRI PSD 

mam 

TO 

SCHEDULED 

MMB/EPH 

MAJOR  PROPULSION  SUBSYSTEMS 

N/A 

EDI 

N/A 

0 

N/A 

0 

LINE  REPLACEABLE  UNITS 

N/A 

N/A 

0 

N/A 

am 

0 

OTHER  MAINTENANCE  EVENTS 

N/A 

0 

EDI 

N/A 

EB 

N/A 

BD 

0 

TOTALS  I  ALL  CATEGORIES) 

ig 

0 

HO 

N/A 

In/a 

0 

Combined  Unscheduled  and  Scheduled  Events  SumnEiry  Table: 

This  table  suns  up  all  unscheduled  and  scheduled  maintenance  events. 
Data  is  automatically  collected  from  the  unscheduled  events  sumnary  table 
and  the  scheduled  events  sunnary  table.  No  inputs  are  required  on  table  6. 
TABLE  6.  Unscheduled  and  Scheduled  Events  SiMinary 


UNSCBEDULED 

UNSCHEDULED  AND  SC 
EVENTS  PER  CATE 

heduled 

GORY 

UNSCHEDULED 

AND 

SCHEDULED  EVENTS 

COMBINED 

MI 

OTHER 

LRU 

SVR 

I  PSD 

NRI  PSD 

MTBMI 

MMH/EFR 

MAJOR  PROPULSION  SUBSYSTEMS 

0 

N/A 

N/A 

0 

0 

0 

ERR 

0 

LINE  REPLACEABLE  UNITS 

0 

0 

0 

0 

0 

0 

ERR 

0 

OTHER  MAINTENANCE  EVENTS 

0 

0 

0 

0 

0 

0 

ERR 

0 

TOTALS  I  ALL  CATEGORIES) 

0 

0 

0 

0 

0 

0 

ERR 

0 
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Unacheduled  MELior  Propulaion  Subayatem  Events  Sheet 


This  sheet  holds  information  m  the  unscheduled  maintenance  events 
associated  with  the  major  propulsion  subsystems.  The  systems  that  should 
be  entered  on  this  table  include  structural  frames,  rotating  hardware, 
static  gets  path  structures,  e^diaust  nozzles,  and  so  on.  Table  7  shows 
the  Unscheduled  Major  Propulsion  Subsystem  Events  Sheet. 

The  inputs  required  for  this  sheet  are  listed  below.  The  entry 
location  for  each  input  is  shown  on  table  7. 

1.  Major  propulsion  subsystem  names 

2.  Subs3rstem  unscheduled  baseline  maintenance  event  rate  - 
maintenance  evoits  per  1000  engine  flight  hours 

3.  Event  rate  ratio  -  used  to  adjust  the  baseline  maintenance  event 
rates  for  new  mission  profile  evaluations  or  for  sensitivity 
aneilyses 

4.  Probability  of  an  linscheduled  subsystem  event  affecting  the 
inherent  maintenance  event  rate  -  the  probability  that  a 
maintenance  event  will  result  in  an  inherent  maintenance  event 

5.  Probability  of  an  unscheduled  subsystem  event  affecting  the  other 
subsystem  maintenance  event  rate  -  the  probability  that  a 
maintenance  event  will  result  in  an  other  subsystem  removal 
(non-applicable  for  this  sheet) 

6.  Probability  of  an  unscheduled  subsystem  event  affecting  the  line 
replaceable  unit  removal  rate  -  the  probability  that  a  maintenance 
event  will  result  in  a  line  replaceable  unit  i*emoval 
(non-applicable  for  this  sheet) 

7.  Probability  of  an  unscheduled  subsystem  event  affecting  the  shop 
visit  rate  -  the  probability  that  a  maint«iance  event  will  result 
in  a  shop  visit  event 

8.  Probability  of  an  unscheduled  subsystem  event  affecting  the  in¬ 
flight  shut  down  rate  -  the  probability  that  a  maintenance  event 
will  result  in  an  in-flight  shut  down 

9.  Probability  of  an  unscheduled  subsystem  event  affecting  the  non- 
recoverable  in-flight  shut  down  rate  -  the  probability  that  a 
maintenance  event  will  result  in  a  non-recoverable  shut  down 
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10.  Nixnber  of  subsystems  with  caonion  event  rate 


1 1 .  Average  organizaticwial  level  maintenance  man-hours  per  other 
subsystem/maintenance  event  (lOOX  efficiency) 

(non-appliceJale  to  this  sheet) 

12.  Average  organizational  level  maintenance  man-hours  per  line 
replaceable  unit  removal  event  (lOOX  efficiaacy) 

(non-applicable  to  this  sheet) 

13.  Average  organizaticnial  level  maintenance  man-hours  per  shop  visit 
event  ( 100%  efficiency) 

14.  Maintenance  man-hour  efficiency  factor. 

This  sheet  has  seven  columns  that  contain  calculated  data.  The  locaticm 


of  each  column  is  indicated  on  table  7.  The  equations  for  each 
column  are  listed  below. 


1.  Contributicm  of  the  subsystem  to  the  inherent  maintenance  event 
rate  (events  per  1000  engine  flight  hours) 


Subsystem 
unscheduled 
baseline 
maintenance 
event  rate 


1  1 

1  1 

Probability  of 
the  subsystem 

Number  of 

1 Event 1 

event  affecting 

subsystems 

X  Irate  I  X 

the  inheroit 

X 

with  commcn 

I  ratio I 

maintenance 

event  rate 

1  • 

1  1 

event  rate 

2.  Contribution  of  the  subsystem  to  the  other  subsystem/maintenance 
event  rate  (non-applicable  to  this  sheet) 


3.  Contributicm  of  the  subsystem  to  the  line  replaceable  unit 
removal  rate  (ncwi-applicable  to  this  sheet) 


4.  Contribution  of  the  subsystem  to  the  shop  visit  rate  (events  per 
1000  engine  flight  hours) 


Subsystem 

1  1 

1  1 

ProbBd>ility  of 

unscheduled 

lEventI 

the  subsystem 

Number  of 

baseline 

X  Irate  I  X 

event  affecting 

X 

subsystems 

maintenance 

1  ratio I 

the  shop  visit 

with  cosmon 

event  rate  - 

1  1 

1  • 

ev«it  rate 

evait  rate 
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5. 


Contributicxi  of  the  subeystem  to  the  in-flight  shut  down  rate 
(events  per  1000  engine  flight  hours) 


Subsystem 
unscheduled 
baseline 
maintenance 
event  rate 


Probability  of 
the  subsystem 
event  affecting 
the  shop  visit 
event  rate 


Contribution  of  the  subsystem  to  the  non-recoverable  in-flight 
shut  down  rate  (events  per  1000  engine  flight  hours) 


Subsystem 
unscheduled 
baseline 
maintenance 
event  rate 

1  • 

1  1 

! Event 1 

X  Irate  I  X 

I  ratio  I 

1  1 

1  1 

Probability  of 
the  subsystem 
event  affecting 
the  in-fli^t 
shut  down 
event  rate 

X 

Nunber  of 
subsystems 
with  common 
eveit  rate 

Ccxitribution  of  the  subsystem  to  the  maintenance  man-hours  per 
engine  flight  hour. 


1  1 

1  1 

Average 

1  Contribution  I 

orgainizational 

Maintenance 

1  of  subsystem  to  I  X 

level  shop  visit 

X 

man-hour 

1  shop  visit  rate  I 

maintenance 

efficiency 

1  1 

1  1 

man-hours 

factor 

This  sheet  will  sun  the  data  contained  in  the  following  columns: 


Contribution  of  the  subsystem  to  the  inherent  maintenance 
event  rate 

Contribution  of  the  subsystem  to  the  shop  visit  rate 

Contribution  of  the  subsystem  to  the  in-flight  shut  down 
rate 

Contribution  of  the  subsystem  to  the  non-recoverable  in¬ 
flight  shut  down  rate 

Contribution  of  the  subsystem  to  the  maintenance  man-hours 
per  engine  flight  hour. 
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4. 


Contributicm  of  the  line  replaceable  mit  to  the  shop  visit 
rate 

5.  Contribution  of  the  line  replaceable  unit  to  the  in-flight  shut 
dotm  rate 

6.  ContributicMi  of  the  line  replaceable  unit  to  the  non- 
recoverable  in-flight  shut  down  rate 

7.  Contribution  of  the  line  replaceable  unit  to  the  maintenance 
man-hours  per  engine  flight  hour. 
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TABLE  7.  Unscheduled  Ma.ior  Propulaion  Subaystea  Events 
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I  Semircd  innt* 

I  Cticiiited  Miki 


Scheduled  Major  Propulsion  Subaystem  Events  Sheet 
Tliis  sheet  holds  information  on  the  scheduled  maintenance  events 
associated  with  the  major  propulsion  subsystems.  The  systems  that  should 
be  entered  on  this  table  include  structural  frames,  rotating  hardware, 
static  gas  path  structures,  exhaiist  nozzles,  and  so  on.  Table  8  shows 
the  Scheduled  Major  Propulsion  Subsystem  Events  Sheet. 

The  inputs  required  for  this  sheet  are  listed  below.  The  entry 
location  for  each  input  is  shown  on  table  8. 


1. 

Major  propulsion  subsystem  name 

2. 

Subsystem  scheduled  baseline  maintenance  event  rate 
1000  engine  flight  hours) 

(events  per 

3. 

Event  rate  ratio 

4. 

Scheduled  event  type  -  shop  visit  (subsystem  events 
shop  visit) 

that  cause  a 

5. 

Scheduled  event  type  -  maintenance  man-hour  (subsystem  events 
that  cause  maintenance  personnel  actions) 

6. 

Average  organizational  level  maintenance  man-hours  per  event 
( lOOX  efficiency) 

7. 

Maintenance  man-hour  efficiency  factor. 

This  sheet  has  three  colimns  that  contain  calculated  data.  The  location  of 
each  colum  is  indicated  on  table  8.  The  equations  for  each  column  sure 
listed  below. 

1 .  Contribution  of  the  subsystem  to  the  scheduled  shop  visit  rate 
(evoits  per  1000  engine  flight  hours) 


Subsystem  scheduled  ! 

1  1 

lEventI 

1  Scheduled 

bemeline  maintenance  ! 

X  Irate  1  X 

I  event  type 

event  rate  ! 

{ratio! 

1  1 

1  ,  ,,  1 

I  (shop  visit) 
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C(»itributlon  of  the  subsystem  to  the  scheduled  maintenance  man¬ 
hour  event  rate 


Subsystem  scheduled  | 

1  1 

1  I 

1 Event ! 

I  Scheduled  event 

baseline  maintenance  ! 

X  1 rate  !  X 

!  type  (maint^iance 

event  rate  I 

S  ratio 1 

1  1 

1  1 

1  man-hours ) 

3.  CcmtrihuticHi  of  the  subsystem  to  the  scheduled  maintenance  man¬ 
hours  per  engine  flight  hour. 


Contribution  of 

Average 

Maintenance 

the  subsystem  to 

X 

organizational 

X 

man-hour 

the  scheduled 

level  maintenance 

efficiency 

maintenance  man- 

man-hour 

factor 

hour  event  rate 

per  event 

This  sheet  will  sum  the  data  contained  in  the  following  columns: 

1 .  Cc«itributicm  of  the  subsystem  to  the  scheduled  shop  visit  rate 

2.  Contribution  of  the  subsystem  to  the  scheduled  maintenance  man¬ 
hours  per  engine  flight  hour. 
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Unscheduled  Line  Replaceable  Ifriit  Evaits  Sheet 

This  sheet  holds  information  on  the  unscheduled  maintenance  events 
associated  with  the  line  replaceable  units.  The  units  that  should  be 
entered  on  this  table  include  fuel  pumps,  fuel  controls,  ignition  exciters, 
oil  pumps,  and  so  on.  Table  9  shows  the  Unscheduled  Line  Replaceable 
Unit  Events  Sheet. 

The  inputs  required  for  this  sheet  are  listed  below.  The  entry 
location  for  eeich  input  is  shown  on  table  9. 

1 .  Line  replaceable  unit  names 

2.  Line  replaceable  unit  uoischeduled  baseline  mainteneuice  event  rate 
(events  per  1000  engine  flight  hours) 

3.  Event  rate  ratio 

4.  Probability  of  an  unscheduled  line  replaceable  unit  event 
affecting  the  inherent  maintenance  event  rate 

5.  Probability  of  an  unscheduled  line  replaceable  unit  event 
affecting  the  other  subsystem/maintenance  event  rate 

6.  Probability  of  an  unscheduled  line  replaceable  unit  evoit 
affecting  the  line  replaceable  unit  removal  rate 

7.  Probability  of  an  unscheduled  line  replaceable  unit  event 
affecting  the  shop  visit  rate 

8.  Probability  of  an  unscheduled  line  replaceedile  unit  event 
affecting  the  in-flight  shut  down  rate 

9.  Probability  of  an  unscheduled  line  replaceable  unit  event 
affecting  the  non-recoverable  in-flight  shut  down  rste 

10.  Nunber  of  line  replaceable  units  with  a  conmon  event  rate 

11.  Average  organizational  level  maintenance  man-hours  per  other 
subsystem/maintenance  event  (100%  efficiency) 

12.  Average  organizational  level  maintenance  man-hours  per  line 
replaceable  unit  removal  event  (100%  efficiency) 

13.  Average  organizational  level  maintenance  man-hours  per  shop  visit 
event  ( lOOX  efficiency) 
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14.  Maintenance  man-hour  efficiency  factor. 

This  shef't  has  seven  columns  that  contain  calculated  data.  The  location  of 
eat'h  column  is  indicated  on  table  9.  The  equations  for  each  column  are 
listed  below. 

1 .  Contribution  of  the  line  replaceable  unit  event  to  the  inherent 
maintenance  event  rate  (events  per  1000  engine  flight  hours) 


Line 

replaceable 

unit 

unscheduled 

1 

t 

1 Event 
X  Irate 

X 

Probability  of 
an  unscheduled 
line  replaceable 
unit  event 

X 

Nimber  of 
line  replaceable 
units  with 

baseline 
maintenance 
event  rate 

I  ratio 

1 

1 

affecting  the 
inherent  main¬ 
tenance  events 

a  comnon 

event  rate 

2.  Contribution  of  the  line  replaceable  unit  event  to  the  other 
aubsjrsteffl/maintenance  event  rate  (events  per  1000  engine 
flight  hours) 


Line 

replaceable 

unit 

unscheduled 

1 

1 

I Event 
X  Irate 

X 

Probability  of 
an  unschedtiled 
line  replaceable 
unit  event 

X 

Number  of 
line  replaceable 
units  with 

baseline 
maintenance 
event  rate 

[ratio 

1 

1 

affecting  the 
other  subsystem 
ranoval  rate 

a  comnon 

event  rate 

3.  Contribution  of  the  line  replaceable  unit  event  to  the  line 
replaceable  unit  removal  rate  (events  per  1000  engine  flight 
hours) 


Line 

replaceable 

unit 

unscheduled 

1 

1 

1  Event 
X  Irate 

X 

Probability  of 
an  unscheduled 
line  replaceable 
unit  event 

X 

Niraber  of 
line  replaceable 
units  with 

baseline 
maintenance 
event  rate 

{ratio 

1 

1 

affecting  the 
line  replaceable 
removal  rate 

a  conmon 

event  rate 
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Contribution  of  the  line  replaceable  unit  event  to  the  shop 
visit  rate  (events  per  1000  engine  flight  hours) 


Line 

Probability  of 

— 

replaceable 

1  I 

1  • 

an  unscheduled 

Number  of 

unit 

(Event  I 

line  replaceable 

line  replaceable 

unscheduled 

X  Irate  X 

unit  event 

X 

units  with 

baseline 

! ratio I 

affecting  the 

a  ccmnon 

maintenance 

1  1 

1  1 

shop  visit  rate 

event  rate 

event  rate 

Contribution  of  the  line  replaceable  unit  event  to  the  in-flight 
shut  down  rate  (events  per  1000  engine  flight  hours) 


Line 

Probability  of 

replaceable 

1  1 

1  t 

an  unscheduled 

unit 

1 Event ! 

line  replaceable 

unscheduled 

X  (rate  !  X 

unit  event 

baseline 

1  ratio I 

affecting  the 

maintenance 
event  rate 

1  1 

1  t 

in-flight  shut 
down  rate 

Nuober  of 
line  replaceable 
units  with 
a  ccmnon 
event  rate 


Contribution  of  the  line  replaceable  unit  event  to  the  non- 
recoverable  in-flight  shut  down  rate  (events  per  1000  engine 
flight  hours) 


Line 

replaceable 

unit 

unscheduled 

1  1 

<  • 

I Event ! 

X  (rate  (  X 

Probability  of 
an  unscheduled 
line  replaceable 
unit  event 

X 

Number  of 
line  replaceable 
units  with 

beiseline 
maintenance 
event  rate 

( ratio ( 

1  1 

1  1 

affecting  the 
non-recoverable 
in-flight  shut 
down  rate 

a  coranon 

event  rate 
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Contribution  of  the  line  replaceable  unit  to  the  maintenance  man¬ 
hours  per  engine  flight  hour. 


1  1 
1  • 

I  CcKitribution  of  ! 

!  the  line  I 

1  replaceable  unit  ! 

I  to  the  other  1 

Isubssrstem  removal! 

1  rate  ! 

1  1 
1  1 

X 

1  1 

1  1 

! Average  organizational! 

! level  maintenance  man-! 

!  hours  per  other  ! 

! subsystem  removal  rate! 

1  1 

1  1 

i 

1 

+ 

1 

1 

1  Contribution  of 

1  the  line 

1  replaceable  unit 

1  to  the  line 

;  replaceable  unit 

I  removal  rate 

1 

1 

1 

1 

1 

!  X 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1 

«  1 

!  Average  organ! zationed. ! 

! level  maintenance  man-! 

!  hours  per  line  ! 

!  replaceable  unit  ! 

!  removal  rate  ! 

1  1 

1  t 

I  1 

1  1 

f 

+ 

1  1 

1  1 

!  Contribution  of  ! 

;  the  line  ! 

! replaceable  unit  ! 

|to  the  shop  visit! 

!  rate  ! 

1 

1 

X  ! 

1 

1 

1 

1 

1 

1 

1 

Average  organizational! 
level  maintenance  man-! 
hours  per  shop  visit  ! 

ev«it  ! 

1 

1 

Maintenance 

man-hour 

efficiency 

factor 


This  sheet  will  sum  the  data  ccntained  in  the  following  columns: 

1.  Contribution  of  the  line  replaceeJsle  unit  to  the  inherent 
maint^iemce  event  rate 

2.  Contribution  of  the  line  replaceable  unit  to  the  other 
subsystem  removal  rate 

3.  Contribution  of  the  line  replaceable  unit  to  the  line 
replaceable  unit  removal  rate 


1000 
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4.  Contribution  of  the  line  replaceable  unit  to  the  shop  visit 
rate 

5.  Contribution  of  the  line  replaceable  unit  to  the  in-flight  shut 
dovm  rate 

6.  Contribution  of  the  line  replaceable  unit  to  the  non- 
recoverable  in-flight  shut  down  rate 

7.  Contribution  of  the  line  replaceable  unit  to  the  maintenance 
man-hours  per  engine  flight  hour. 
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TABLE  9.  ^n8che»^^^^*^  Line  Replaceable  Unit.  Events 
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Scheduled  Line  Replaceable  IMit  Events  Sheet 


This  sheet  holds  information  on  the  scheduled  maintenance  events 
Eissociated  with  the  line  replaceable  units.  The  systeois  that  should  be 
entered  on  this  table  include  fuel  punqps,  fuel  controls,  ignition  exciters, 
oil  pumps,  Eind  so  on.  Thble  10  shows  the  Scheduled  Line  Replaceable  Unit 
Event  Sheet. 

The  inputs  required  for  this  sheet  are  listed  below.  The  oitry 
location  for  each  input  is  shown  on  table  10. 

1.  Line  replaceable  imit  names 

2.  Line  replaceable  unit  scheduled  baseline  maintenance  event  rate 
(events  per  1000  engine  flight  hours) 

3.  Event  rate  ratio 

4.  Scheduled  event  type  -  line  replaceable  unit  (line  replaceable 
unit  events  that  cause  a  line  replaceable  unit  removal) 

5.  Scheduled  event  type  -  maint&iance  man-hour  (line  replaceable 
unit  events  that  cause  maintenance  perscxmel  actions) 

6.  Average  organizational  level  maintenance  man-hours  per  event 
( lOOX  efficiency) 

7.  Maintenance  man-hour  efficiency  factor. 

This  sheet  has  three  columis  that  contain  calculated  data.  The  locaticm  of 
each  column  is  indicated  on  table  10.  The  equations  for  each  colmn  are 
listed  below: 
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1 .  Contribution  of  the  line  replaceable  unit  event  to  scheduled  line 
replaceable  removal  rate  (evmts  per  1000  engine  fli^t  hours) 


1  Line  replaceable  unit 

1  t 

•  I 

! Event  I 

Scheduled  event  type  I 

1  scheduled  baseline 

X  ;rate  !  X 

( line  replaceable  ! 

1  maintenance  event  rate 

!  ratio ! 

•  1 

t  1 

unit)  1 

2.  Contribution  of  the  line  repleiceable  unit  to  the  scheduled 
maintaiance  man-hour  event  rate 


1  Line  replaceable  unit 

1  1 

1  1 

1 Event! 

Scheduled  event  type  ! 

1  scheduled  baseline 

X  {rate  !  X 

(maintenance  man-  ! 

!  maintenance  event  rate 

I ratio ! 

1  1 

•  1 

hours)  ! 

3.  Contribution  of  the  line  replaceable  unit  to  the  scheduled 
maintmance  man-hours  per  angine  flight  hour. 


CtMitribution  of  the 

Average 

Maintenance 

line  replaceable  unit 

organizational 

man-hour 

to  the  scheduled 

X 

level  maintenance 

X 

efficiency 

maintenance  man-hour 

man-hours  per 

factor 

event  rate 

event 

This  sheet  will  sum  the  data  contained  in  the  following  columns: 

1 .  Contribution  of  the  line  replaceable  unit  to  the  scheduled 
line  replaceable  removal  rate 

2.  Contribution  of  the  line  replaceable  unit  to  the  scheduled 
maintenance  man-hours  per  aigine  flight  hotir. 


37 


Unscheduled  Other  Subs: 


ystea/Maintenance  Events  Sheet 

This  sheet  holds  information  cxi  the  unscheduled  maintoiance  events 
associated  with  the  miscellaneous  siibeystem/maintenance  events.  Ihe 
subejrstems/maintenance  events  that  should  be  included  in  this  table  include 
oil  filters,  igniter  plugs,  borescope  inspections,  and  so  cm.  Tekble  11 
shows  the  Unscheduled  Other  Subeystem/Maintenance  Events  Sheet. 

The  inputs  required  for  this  sheet  are  listed  below.  The  entry  Icxmtion 
for  each  input  is  shown  on  table  11. 


1 .  Other  subeystem/maint^iance  event  names 

2.  Other  subeystem/maintenance  unscheduled  baseline  maintenance 
event  rate  (events  per  1000  engine  flight  hcxirs) 

3.  Event  rate  ratio 

4.  Probability  of  an  unscheduled  other  subesrstem/aaintenancie  en^ent 
affecting  the  inherent  maintenance  event  rate 

5.  Probability  of  an  unscheduled  other  subsystem/maintenanc^e  event 
affecting  the  other  subsystem  removal  rate 

6.  Probability  of  an  unscheduled  other  subsysteo/maintenancse  evoit 
affecting  the  line  replaceable  unit  removal  rate 

7.  Probability  of  an  unscheduled  other  subeystem/maintenanoe  ev^t 
affecting  the  shop  visit  rate 

8.  Probability  of  an  unscheduled  other  subsystem/maintenance  event 
affecting  the  in-flight  shut  down  rate 

9.  Probability  of  an  unscheduled  other  subaystem/maintenance  event 
affecting  the  non-recxrverable  in-flight  shut  down  rate 

10.  Nmher  of  other  subeystem/maintenance  events  with  a  eximiicm  event 
rate 

11.  Average  organizational  level  maintenance  man-hours  per  other 
subeystem/maintenance  event  ( lOOX  efficiency) 

12.  Average  organizaticmal  level  maintenance  man-hours  per  line 
replaceable  unit  removal  event  (lOOX  efficiency) 
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13.  Average  organlssational  level  maintenance  man-hours  per  shop  visit 
event  ( lOOX  efficiency) 

14.  Maintaiance  man-hour  efficiency  factor. 

The  sheet  has  seven  columis  that  contain  calculated  data.  The  locati(xi  of 
each  colmn  is  indicated  on  table  11.  The  equations  for  each  colimn  are 
listed  below. 


1.  CkMitribution  of  the  other  subsyston/maintenance  events  to  the 
inherent  maintenance  event  rate  (events  per  1000  engine  flight 
hours) 


Other 

subsystem/ 

maintenance 

unscheduled 

1  1 

[Event! 

X  Irate  !  X 

Probability  of 
an  unscheduled 
other 
subsystem/ 
maintenance 

X 

Niatber  of 
other  subsystem/ 
maintoiance 

baseline 
maintenance 
event  rate 

{ratio! 

1  1 

1  1 

event  affecting 
the  inherent 
maintenance 
event 

events  with  a 
comnon  event  rate 

2.  Contribution  of  the  other  subsystem/maintenance  events  to  the 
other  subsystem/maintenance  event  rate 


Probability  of 

Other 

1  1 

t  1 
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Number  of 

subsystem/ 

{Event! 

other  subsystem/ 

other 

maintenance 

X  {rate  {  X 
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event  Eiffecting 

maintenance 
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t  1 

the  other  sub- 

events  with  a 
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system/maintenance 

connion  event 

event  rate 

event  rate 

rate 
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3.  Contribution  of  the  other  subeystem/maintenanoe  events  to  the 

line  replaceable  unit  removal  rate  (events  per  1000  engine  flight 
hours) 


Probability  of 

Other 

1  1 

1  i 

an  unscheduled 

Nunber  of 

subsystem/ 

I Event I 

other  subsystem/ 

other 

maintenance 

X  Irate  I  X 
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unscheduled 
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the  line 
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maintenance 

replaceable  unit 

ccmmon  event 

event  rate 

event  rate 

rate 

4.  Contribution  of  the  other  subeystem/maintenanoe  events  to  the 
shop  visit  rate  (events  per  1000  engine  fli^t  hours) 


Probability  of 

Other 

1  1 

•  • 
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I  Event  I 

other 
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rate 
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5.  Contribution  of  the  other  subsystem/maintenaxx^e  events  to  the  in¬ 
flight  shut  down  rate  (ev^ts  per  1000  engine  flight  hours) 
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1  I 

1  1 
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subsystem/ 

I Event 1 

other 
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6. 


CcMitributicxi  of  the  other  subsystem/naintenance  events  to  the 
non-recoverable  in-flight  shut  down  rate  (events  per  1(X)0  «igine 
flight  hours) 


Other 

Probability  of 

subsystem/ 

1  1 

1  1 

an  unscheduled 

maintenance 

! Event! 
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1  I 
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maintenance 
evoits  with  a 
ccmnon  event  rate 
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7.  Contribution  of  the  other  subByatem/niaintenance  events  to  the 
maintenance  man-hours  per  engine  flight  hour. 


Contribution  of 
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to  the  other 
subsystem/ 
maintenance 
event  rate 
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This  sheet  will  sun  the  data  contained  in  the  following  colums: 

1.  Contribution  of  the  other  subeystem/maintenance  events  to 
the  inherent  maintenance  event  rate 
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Contribution  of  the  other  aubeystem/maintenance  events  to 
the  other  subayatem/maintenance  evoit  rate 

Contribution  of  the  other  subsystem/maintenance  ev«its  to 
the  line  replaceable  unit  ranovELl  rate 

Contribution  of  the  other  subsystem/maintenance  events  to 
the  shop  visit  rate 

Contribution  of  the  other  subs3rstem/maintenance  evaita  to 
the  in-flight  shut  down  rate 

Contribution  of  the  other  subsystem/maintenance  events  to 
the  non-recoverable  in-flight  shut  down  rate 

Contribution  of  the  other  subsystem/maintenance  ev^ts  to 
the  maintenance  man-hours  per  engine  fli^t  hour. 


TABLE  1 1 .  Unscheduled  Other  Subeystem/I^intenance  Events 
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Scheduled  Other  SubByatem/Maintenance  Events  Sheet 


This  sheet  holds  infonnaLion  on  the  scheduled  maintenance  events 
associated  with  the  miscellaneous  subsystem/maintenance  events.  The 
subsystem/maintenance  events  that  should  be  included  in  this  table  inclixle 
oil  filters,  igniter  plugs,  borescope  inspections,  and  so  on.  Table  12 
shows  the  Scheduled  Other  Subsystem/Maintenance  Events  Sheet. 

The  inputs  required  for  this  sheet  are  listed  below.  Tbe  entry 
location  for  each  input  is  shown  on  table  12. 

1 .  Other  subsystem/maintenance  event  names 

2.  Other  subaystem/maintenance  scheduled  baseline  maintenance  event 
rate  (events  per  1000  engine  flight  hours) 

3.  Event  rate  ratio 

4.  Scheduled  event  type  -  other  subsyston/maintenance 

5.  Scheduled  event  type  -  maintenance  man-hour  events 

6.  Average  organizational  level  maintenance  man-hours  per  event 
(100%  efficiency) 

7.  Maintenance  mEui-hour  efficiency  factor. 

This  sheet  has  three  columns  that  contain  calculated  data.  Ihe  locaticm  of 
each  colLBim  is  indicated  on  table  12.  The  equations  for  each  column  are 
listed  below. 


1 .  Contribution  of  the  other  subsystem/maintenance  events  to  the 
scheduled  subsystem/maintenance  event  rate  (events  per  1000 
engine  flight  hours) 


Other  subsystem/ 
maintenance  scheduled 
baseline  maintenance 
event  rate 


I  I 

I  I 

{Event! 
X  {rate  { 
{ ratio { 

I  I 

I _ I 


X 


Scheduled  event  type 
(other  subsystem/ 
maintenance ) 
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2.  Contribution  of  the  other  aubsystem/maintenance  evoits  to  the 
scheduled  maint^iance  man-hour  event  rate 


Other  suibsystem/ 
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! Event I 

Scheduled  event  type  I 

maintenance  scheduled 

X  Irate  I  X 

(maintenance  I 

baseline  maintenance 
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1  1 

3.  Ccntributicm  of  the  other  subeyaten/maintoiance  events  to  the 
scheduled  maintenance  man-hours  per  enijine  fli^t  hour. 
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Maintenance 

maintenance  events 

X 
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X 

man-hour 

« 

to  the  scheduled 

maintenance 

efficiency 

« 

maintenance 

man-hours 
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man-hour  event  rate 

per  evMit 

Ibis  sheet  will  sum  the  data  contained  in  the  following  columns: 

1.  Contribution  of  the  other  aubsystem/maintenance  events  to 
the  scheduled  other  subsyatem/maintenance  ev«it  rate 


2. 


Contribution  of  the  other  subeystem/maintoiance  events  to 
the  scheduled  maintenance  man-hours  per  «igine  flight  hour. 


APPE2JDIX  C 


CmiON  MAIN  ENGINE  SYSTOI  FLOW  CHARTS 
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COMMON  ENGINE-MAIN  ENGINE  COMPONENTS 


COMMON  ENGINE-MAIN'  ENGINE  COMPONENT  BREAK  OUTS 
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FAN  INLET  VARIABLC  VANES 


rO'I'lON  ENGINE-MAIN  ENGINE  SUBSYSTEMS 
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LUBE  SYSTEM 


COMMON  ENGINE-MAIN  ENGINE  SIBSYSTEM  BREAK  OUTS- ( CONTINUED ) 
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LUBE  LEVEL  INDICATOR 
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:  HAI  N  IGNITER  INITIATION 
lAlGMENTOR  IGNITER  INITIATION 
:  FAN  SPEED 
: CORE  SPEED 

.  TIHRINE  BLADE  TEMPERATURE 


APPENDIX  D 


EJECTCXt  SYSTEM  FTjOW  CHARTS 
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EJECTOR-MAIN'  ENGINE  COMPONENTS 
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EJECTOR-MAIN  ENGINE  SUBSYSTEMS 
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PRIMARY  NOZZLE  CONVERGENT  AREA 
PRIMARY  NOZZLE  DIVERGENT  AREA 
PRIMARY  NOZZLE  VECTOR  ANGLE 
BYPASS  INJECTOR  AREA 
(ADD  TO  FLIGHT/ENGINE  CONTROL) 
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EJECTOR-ADDITIONAL  AIRCRAFT  PROPULSION  COMPONENTS 
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EJECTOR-ADDITIONAL  AIRCRAFT  PROPULSION  SUBSYSTEMS 
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APPENDra  E 


HFVT  SYSTFM  FI/)W  OHARTS 
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HFVT-MAIN  ENGINE  COMPONENTS 
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HVFT-MAIN  ENGINE  SUBSYSTEMS 
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COMPDTATt  ON 

IPRINART  NOZZLE  CONVEROENT  AREA 
;  PRIMARY  NOZZLE  DIVEROENT  AREA 
:  PRIMARY  NOZZLE  VECTOR  ANGLE 
:(AOD  TO  FLIORT/ENGINE  CONTROL) 


HFVT-COMPONENTS 
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HFVT-SUBSYSTEMS 
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DUCT  EXPANSION  JOINT 


HFVT-ADDITIOSAL  AIRlRAFT  PROPL  LS  I '■  )\  SI  BSYSTEXS 
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FRONT  NOZZLE  STOW  DOOR 
POSITION  INDICATOR 


APPENDIX  F 

LIFT  PLUS  LIFT/CRUISE  SYSTEM  FLOW  CHARTS 
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LIFT  PLUS  L  I  /CRMSk-MAl  \  KNGIXL  CUMPONFNTS 


LIFT  PLl'S  LIFT/CRIISE-MAIN  ENGINE  SUBSYSTEMS 
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PRIHARY  NOZZLE  VECTOR  ANGLE 
(ADD  TO  FLI  GRT/ENGI  NE  CONTROL) 


STATIONARY  STATOR  VANES 


HIGH  PRESSURE  TURBINE 
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LIFT  PLUS  LlFT/CRriSh'-SLBSVSTEMS 


74 


LIFT  PLUS  LIFT/CRLISE-SUBSVSTEM  BREAK  OLT 


ELECTRICAL  SYSTEM 
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I,IFT  PLUS  LIFT/CRIISE-ADDITIONAL  AIRCRAFT  PROPLLSION  COMPONENTS 
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LIFT  PLIS  LIFT/CRL'ISE-ADDITIONAL  AIRCRAFT  PROPULSION  SUBSYSTEMS 
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MAIN  SIVTOFF  *AL»t  I  CIV 
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LIFT  ENGINE  EXIT  DOOR  POSITION 

RCS  BLEED  FLOW 

RCS  PITCH  N0Z7LE  POSITION 

RCS  YAW  nozzle  POSITION 

(ADD  TO  FLI  CRT/ ENGI  NE  CONTROL) 
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APPENDIX  G 
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RALS-COMPONENTS 
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RALS-SUBSYSTEMS 


Ul 


Ul  w 

M  H  at  m 

^  o  mo 

<  >  5  m 


B  g  2 


O  m  mm  <<<  a 
<  Ul  mj  at  m  m  u, 

T  ^ 

M  mm 
>  H 

i5 


M  <  H 

OB  O  U  M 

O  <  5 

H  M  -A  M 

< 

M  o  at 

O  at  mm  O 

mm  O  m  mm 

H  H 

¥t  mm  O  mm 

mt  X  Ul  at 

<  O  mi  o 

m  mm  mm 


X  mJ  mi  Ul  I 

O  N  N  Z  c 

M  N  *4  gB  : 

H  o  o  5  • 

<  X  X  m  . 

&  M  M  Ml 

flb  ‘ 

X  <  <  < 

O  OB  ft  OB  I 


85 


RALS-ADDITIONAL  AIRCRAFT  PROPULSION  COMPOS'EN'TS 


RALS-ADDITION’AL  AIRCRAFT  PROPILSION  SUBSYSTEMS 
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CONTROL  SYSTEM 


APPENDIX  H 


REX  SYSTEM  FTjOW  CHARTS 
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REX-MAIN  ENGINE  COMPONENTS 
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REX-MAIN  ENGINE  SUBSYSTEMS 
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(ADD  TO  FLI  GHT/ENGI  HE  CONTROL) 


REX-COMPON'EN'TS 


VENTRAL  NOZZLE  'ECTOR  ANGLE 
LIFT  NOZZLE  AREA 
LIFT  NOZZLE  VECTOR  ANGLE 
BUTTERFLY  VALVE  POSITION 
(A9D  TO  FLIGRT/ENGINE  CONTROL) 


REX-ADDITIONAL  AIRCRAFT  PROPULSION  COMPONENTS 
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REX-ADDITIOMAL  AIRCRAFT  PROPULSION  SUBSYSTEMS 
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AnDITIONAL  AIRCRAFT  ___  ^ACTUATOR 

PROPUISION  SUBSYSTEMS  J 

(^REACTION  CONTROL  ~  —  TAW  CONTROL .  I .  EBV 

SYSTEM  ACTUATION  I 

^  LI  NKAGE 


ELECTRICAL  SYSTEM  "■  ■  -CABLES 


RCS  YAW  NOZZLE  POSITION 
(ADD  TO  FLI  CRT.' ENGI  NE  CONTROL) 


APPENDIX  I 


RADA  ANALYSIS 

RESOURCE  ALLiOCATION  DECISION  AID 

The  Resource  Allocation  Decisicm  Aid  (RADA)  software  packa«e  is 
desisned  to  rank  the  possible  solutions  to  a  problem.  The  possible 
solutions  or  alternatives  are  characterized  by  rating  criteria.  Up  to  five 
levels  of  criteria  hierarchy  can  be  defined  in  this  program.  Weifdtts  can 
be  placed  on  the  rating  criteria.  These  weights  can  be  applied  directly  to 
each  criteria  or  set  up  in  a  pair-wise  fashion  to  reflect  the  relationship 
between  several  criteria.  Filters  can  be  constructed  for  each  criteria  in 
order  to  normalize  the  raw  data  inputs.  Sensitivity  studies  can  be 
conducted  by  varying  the  filter  and  weight  settings.  The  program  will 
calculate  an  index  and  a  rank  for  each  alternative  (CEC  Incorporated.  1986). 

In  order  to  conduct  a  RADA  analysis  the  following  steps  should  be  taken: 

1.  Define  the  alternatives 

2.  Define  the  rating  criteria 

3.  Create  a  criteria  hierarchy 

4.  Enter  raw  data  for  the  criteria  defined  for  each  alternative 

5.  Choose  a  normalization  method  for  each  criterion  (set  filters) 

6.  Choose  the  weight  to  be  applied  to  each  criterion 

7.  Review  the  index  ratings  and  alternatives  rating  calculated  by 
the  RADA  program.  (Conduct  sensitivity  analyses  if  necessary  and 
select  the  beat  alternative  (CPC  Incorporated.  1986). 
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TOP  LEVEL 


CRITERIA  HIERARCHY 


- COl  *  MAIN  ENGINE  COMP»JENTS 

- C02  *  MAIN  ENGINE  SUBSYSTEMS 

- C03  *  VERTICAL  LIFT  OOMPCWENTS 

- C04  *  VERTICAL  LIFT  SUBSYSTEMS 

- COS  t  AIRCRAFT  COMPCWENTS 

- C06  *  AIKRAFT  SUBSYSTEMS 
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TOP  LEVEL  RATINGS 


MATRICES  REPcayr 

NC»E:  TOP:  TOP  LEVEL 


CRITERIA  ( in  Coluans ) 


ALTERNATIVES  WrS=:> 

( rows) 

COl 

2 

C03 

2 

COS 

1 

C02 

1 

C04 

1 

C06 

1 

INDEX  RANK 

A03  RALS 

8 

9 

3 

10 

8 

10 

10  S 

A02  LIFT+LIFT/CKUISE 

1 

10 

6 

1 

10 

10 

6  4 

AOS  HFVT 

10 

1 

10 

6 

1 

6 

S  3 

AOl  EJECTOR 

6 

8 

1 

6 

S 

1 

4  2 

A04  REX 

1 

6 

2 

1 

4 

10 

1  1 

COl  MAIN  ENGINE  COMPONENTS 
C02  MAIN  ENGINE  SUBSYSTEMS 


C03  VERTICAL  LIFT  OCMPON0JTS 
C04  VERTICAL  LIFT  SUBSYSTBtS 


COS  AIRCRAFT  COMPONENTS 
C06  AIRCRAFT  SUBSYSTEMS 
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TOP  LEVEL  RAW  DATA 


ALTEEINATIVES  RAW  DATA  FOR  CRITERIA  REP(»T 


N(»E:  TOP:  TOP  LEVEL 


CRITERIA  (in  Columns) 


ALTERNATIVES  (rows) 

COl 

C03 

COS 

C02 

C04 

C06 

EJECTC® 

6.0 

8.0 

1.0 

6.0 

5.0 

1.0 

LIFT+LIFT/CRUISE 

1.0 

10.0 

6.0 

1.0 

10.0 

10.0 

RAL5 

8.0 

9.0 

3.0 

10.0 

8.0 

10.0 

REX 

1.0 

6.0 

2.0 

1.0 

4.0 

10.0 

HFVT 

10.0 

1.0 

10.0 

6.0 

1.0 

6.0 

COl  MAIN  ENGINE  COMPONENTS  C03  VERTICAL  LIFT  COMPONENTS  C05  AIRCRAFT  OOMP(»IENTS 
C02  MAIN  ENGINE  SUBSYSTEMS  C04  VERTICAL  LIFT  SUBSYSTEMS  C06  AIRCRAFT  SUBSYSTEMS 
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SECOND  LEVEL  CRITERIA  HIERARCHY 


! - COY  *  RELIABILITY 

: - C28  *  COMPLEXITY 

I - C29  »  PART  COUNT 

I - C30  *  TECHNOLOGfY  MATURITY 

! - C38  »  PART  ENVIRONMENT 

! - C08  *  MAINTAINABILITY 

I - C31  »  SERVICEABILITY 

I - C32  »  TIME  TO  REPAIR 

I - C33  *  REPARABILITY 

1 - C09  *  SUPPC*TABILITY 

I - C34  t  MAINTENANCE  COSTS 

1 - C35  *  MAN-POWER 

! - C36  »  REPLACEMENT  PARTS 

: - C37  *  SUPPCKT  EQUIPMENT 
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SECXM)  LEVEL  OVERALL  RATINGS 

MATRICES  REPORT 

NODE:  TOP:  MAIN  ENGINE  COMPONENTS  (MEC) 

CRITERIA  ( in  Colimns ) 

ALTERNATIVKS  C07  C09  COB  INDEX  RANK 

(rows)  VrrS=>  111 


AOS  HFVT  MEC 

9 

10 

10 

10 

5 

A03  RALS  MEC 

10 

6 

6 

B 

4 

AOl  EJECrrO?  MEC 

5 

5 

B 

6 

3 

A04  REX  MEC 

1 

1 

1 

1 

2 

A02  LIFT+LIFT/CRUISE  MEC 

1 

1 

1 

1 

1 

C07  RELIABILITY 

C09 

SUPPC*?TABILITY 

COB  MAINIAINABILITY 

MATRICES  REP(»T 

NC»E:  TOP:  VERTICAL 

LIFT 

COMPONENTS 

(VLC) 

CRITHIIA  (in  Columns) 

ALTERNATIVES 

007 

009 

COS 

INDEX 

RANK 

(rows) 

vrrs=; 

>  1 

1 

1 

10 

S 

A02  LIFT+LIFT/CRUISE  VLC 

10 

10 

10 

10 

S 

A03  RALS  VLC 

10 

7 

10 

9 

4 

AOl  EJECTC®  VLC 

B 

9 

S 

S 

3 

A04  REX  VLC 

7 

4 

6 

6 

2 

AOS  HFVT  VLC 

1 

1 

1 

1 

1 

C07  RELIABILITY  C09  SUPPOiTABILITy  COB  MAINTAINABILITY 


I 


( 
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SECOND  LEVEL  OVERALL  RATINGS  (CONTINUED) 


matoices  report 

NODE:  TOP;  VERTICAL  LIFT  SUBSYST0iS  (VLS) 

CRITERIA  ( in  Columns ) 


ALTERNATIVES 

COT 

C09 

COS 

INDEX 

RANK 

( rows) 

vrrs=>  1 

1 

1 

A02  LIFT+LIFT/CRUISE  VLS  10 

10 

10 

5 

A03  RALS  VLS 

9 

9 

6 

S 

4 

AOl  EJECTC®  VLS 

T 

4 

4 

5 

3 

A04  REX  VLS 

3 

4 

5 

4 

2 

AOS  HFVT  VLS 

1 

1 

1 

1 

1 

COT  RELIABILITY 

C09 

SUPPLRTABILITY 

COS  MAINTAINABILITY 

MATRICES  REPORT 

NCX)E:  TOP:  AIRCRAFT  COMPONENTS  (AC) 

CRITERIA  (in  Ck^lunns) 
ALTERNATIVES  COT  009  COS 

(rows)  vrrs=>  11  1 

INDEX  RANK 

AOS  HFVT  AC 

10 

10 

10 

10 

5 

A02  LIFT+LIFT/CRUISE  AC  T 

6 

S 

6 

4 

A03  RAIS  AC 

S 

3 

3 

3 

3 

A04  REX  AC 

4 

3 

1 

2 

2 

AOl  EJECTOR  AC 

1 

1 

3 

1 

1 

COT  RELIABILITY 

C09 

SUPPCRTABILITY 

COS  MAINTAINABILITY 

MATRICES 

1  REPORT 

NC»E:  TOP:  AIRCRAFT 

SUBSYSTEMS  (AS) 

CRITERIA  (in  Ckiluiins) 

ALTERNATIVES 

COT 

009 

COS 

INDEX 

RANK 

(rows) 

vrrs=>  1 

1 

1 

A02  LIFT+LIFT/CRUISE  AS  10 

10 

10 

10 

S 

A04  REX  AS 

s 

10 

S 

9 

4 

A03  RALS  AS 

s 

10 

S 

9 

3 

AOS  HFVT  AS 

6 

6 

S 

T 

2 

AOl  EJECTC®  AS 

1 

1 

1 

1 

1 

C07  RELIABILITY  C09  SUPPORTABILITY  COS  MAINTAINABILITY 
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SECOND  LEVEL  RATINGS  -  MAIN  ENGINE  OOMPOJENTS 


MATRICES  REPC*T 

NC®E:  COS:  SUPPC»TABILITY 


CRITERIA  ( in  Columns ) 


ALTERNATIVES 

C34 

C3S  C36 

C37 

INDEX  RANK 

(rows) 

wrsr>  2 

2 

1 

1 

AOS  HFVC  MEC 

10 

10 

10 

1 

10  S 

A03  RALS  MEC 

6 

7 

4 

1 

6  4 

AOl  EJECTC®  MEC 

6 

4 

7 

1 

S  3 

A04  REX  MEC 

1 

1 

1 

1 

1  2 

A02  LIFT+LIFT/CRUISE  MEC  1 

1 

1 

1 

1  1 

C34  MAIfTTENANCE  COSTS  C35 

MANPOWER 

C36  REPLAC01ENT  PARTS 

C37  SUPPORT  EQUIPMENT 

MATRICES 

i  REPCST 

NODE:  C08:  MAINTAINABILITY 

CRITERIA 

( in  Colunns ) 

ALTERNATIVES 

C31 

C32 

C33 

INDEX  RANK 

(rows) 

WTS=>  2 

2 

1 

AOS  HFVT  AC 

10 

10 

6 

10  S 

AOl  EJECTOR  MEC 

7 

6 

10 

8  4 

A03  RALS  MEC 

4 

6 

10 

6  3 

A04  REX  MEC 

1 

1 

1 

1  2 

A02  LIFT+LIFT/CRUISE  MEC  1 

1 

1 

1  1 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR  C33  REPARABILITY 

MATRICES 

!  REPORT 

NODE:  C07:  RELIABILITY 

CRITERIA 

(in  Columns) 

INDEX  RANK 

ALTERNATIVES 

C28 

C29 

C30 

C38 

( rows) 

VTS=>  2 

1 

2 

1 

AOS  RALS  MEC 

7 

7 

10 

10 

10  S 

AOS  HFVT  MEC 

10 

10 

6 

6 

9  4 

AOl  EJECTC®  MEC 

4 

4 

6 

1 

S  3 

A04  REC  MEC 

1 

1 

1 

1 

1  2 

A02  LIFT+LIFT/CRUISE  MEC  1 

1 

1 

1 

1  1 

C28  COMPLEXITY  C29  PART  COUNT  C30  TECHNOLOGfY  MATURITY 

C38  PART  ENVIBCMIENT 
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SECOND  LEVEL  RATINGS  -  MAIN  ENGINE  SIJBSYSTBC 


MATOICES  REPORT 

NOTE:  COS:  SUPPOTTABILITY 

CRITERIA  ( in  Colunns ) 

ALTERNATIVES  C34  C35  C36  C37  INDEX  RANK 

(rows)  WTS=>  2211 


A03  RAI£  MES 

10 

10 

10 

1 

10 

S 

AOS  HFVT  MES 

6 

6 

6 

1 

6 

4 

AOl  EJECrrCK  MES 

6 

6 

6 

1 

6 

3 

A04  REX  MES 

1 

1 

1 

1 

1 

2 

A02  LIFT+LIFT/CRUISE  MES 

1 

1 

1 

1 

1 

1 

C34  MAINTENANCE  COSTS 

C3S 

MANPOWER 

C36  REPLACQIENr  PARTS 

C37  SUPPORT  EQUIPMENT 

MATRICES  REPORT 

NOTE:  C08:  MAINTAINABILITY 

CRITERIA 

(in  (Dolunns) 

ALTERNATIVES 

C31 

C32 

C33 

INDEX  RANK 

(rows)  WrS= 

>  2 

2 

1 

A03  RALS  MES 

10 

10 

10 

10 

S 

AOl  EJBCrPOR  MES 

6 

7 

10 

7 

4 

AOS  HFVT  MES 

6 

4 

10 

6 

3 

A04  REX  MES 

1 

1 

1 

1 

2 

A02  LIFT+LIFT/CRUISE  MES 

1 

1 

1 

1 

1 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR 

C33  REPARABILITY 

MATRICES  REPORT 

NOTE:  C07:  RELIABILITY 

(CRITERIA 

(in  Columis) 

INDEX  RANK 

ALTERNATIVES 

C28 

C29 

C30 

C38 

(rows)  WrS= 

>  2 

1 

2 

1 

A03  RALS  MES 

10 

10 

10 

10 

10 

S 

AOS  HFVT  MES 

10 

7 

6 

6 

7 

4 

AOl  EJECTOT  MES 

6 

4 

6 

1 

S 

3 

A04  REX  MES 

1 

1 

1 

1 

1 

2 

A02  LIFT+LIFT/CSUISE  MES 

1 

1 

1 

1 

1 

1 

C28  COMH.EXITY  C29  PART  COUNT  C30  TECHNCftXlGY  MATURITY 

C38  PART  ENVIRONMENT 
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SEOCM)  LEVEL  RATINGS  -  VERTICAL  LIFT  OOMPOiENTS 

MATRICES  REPCWT 

NODE:  C09:  SUPPORTABILITY 

CRITERIA  ( in  Columns ) 

ALTERNATIVES  C34  C35  C36  C37  INDEX  RANK 

(rows)  WTS=>  2211 


A02  LIFT+LIFT/CRUISE  VLC 

10 

10 

10 

10 

10 

S 

AOl  EJECTC«  VLC 

7 

10 

10 

10 

9 

4 

A03  RALS  VLC 

7 

6 

7 

10 

7 

3 

A04  REX  VLC 

4 

6 

4 

1 

4 

2 

AOS  HFVT  VLC 

1 

1 

1 

1 

1 

1 

C34  MAINTENANCE  COSTS 

C3S 

MANPOWER 

C36  REPLAC01ENT 

'  PARTS 

C37  SUPPC»T  EQUIPMENT 

i 

MATRICES  REPORT 

NC®E:  008 :  MAINTAINABILITY 

CRITERIA 

(in  Columns) 

ALTERNATIVES 

C31 

C32 

C33 

INDEX  RANK 

(rows)  vrrs=: 

>  2 

2 

1 

A03  RALS  VLC 

10 

10 

10 

10 

S 

A02  LIFT+LIFT/CRUISE  VLC 

10 

10 

10 

10 

4 

AOl  EJECTOR  VIC 

6 

10 

10 

8 

3 

A04  REX  VLC 

6 

6 

10 

6 

2 

AOS  HFVT  VLC 

1 

1 

1 

1 

1 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR 

C33  REPARABILITY 

MATRICES  REPORT 

NODE:  C07:  RELIABILITY 

CRITERIA 

( in  Columns ) 

INDEX 

RANK 

ALTERNATIVES 

C28 

C29 

C30 

C38 

( rows )  VTS= 

>  2 

1 

2 

1 

A03  RALS  VLC 

8 

6 

10 

10 

10 

S 

A02  LIFT+LIFT/CTttJISE  VLC 

10 

10 

6 

10 

10 

4 

AOl  EJECrrCR  VLC 

6 

8 

10 

1 

8 

3 

A04  REX  VLC 

3 

3 

10 

6 

7 

2 

AOS  HFVT  VLC 

1 

1 

1 

1 

1 

1 

C28  COMPLEXITY  C29  PART  COUNT  C30  TECHNCftjOGY  MATURITY 

C38  PART  ENVIRONMENT 
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SECXM)  LEVEL  RATINGS  -  VERTICAL  LIFT  SUBSYSTEMS 


MATOICES  REPCWr 

NODE;  C09;  SUPPORTABILITY 

CRITERIA  ( in  Columns ) 

ALTERNATIVES  C34  C35  C36  C37  INDEX  RANK 

(rows)  WrS=>  2211 


A02  LIFT+LIFT/CRUISE  VLC 

10 

10 

10 

10 

10 

5 

A03  RALS  VLS 

10 

7 

10 

10 

9 

4 

A04  REX  VLS 

6 

4 

6 

1 

4 

3 

AOl  EJECTCR  VLS 

6 

4 

6 

1 

4 

2 

AOS  HFVT  VLS 

1 

1 

1 

1 

1 

1 

C34  MAINTENANCE  CXKTS 

C35 

MANPOWER 

C36  REPLAC»10fr  PARTS 

C37  SUPPC»T  BOUIPMENT 

MATRICES  REPORT 

NC®E:  008:  MAINTAINABILITY 

CRITERIA 

(in  (Tolimns) 

ALTERNATIVES 

C31 

C32 

C33 

INDEX  RANK 

(rows)  WTS=: 

>  2 

2 

1 

A02  LIFT+LIFT/CRUISE  VIS 

10 

10 

10 

10 

5 

A03  RALS  VIS 

6 

7 

6 

6 

4 

A04  REX  VLS 

6 

4 

6 

5 

3 

AOl  EJBCTCR  VLS 

6 

4 

6 

5 

2 

AOS  HFVT  VLS 

1 

1 

1 

1 

1 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR 

C33  REPARABILITY 

MATRICES  REPORT 

NCX)E:  C07:  RELIABILITY 

CRITERIA 

( in  Ck>lijiiis ) 

INDEX  RANK 

ALTERNATIVES 

C28 

C29 

C30 

C38 

(rows)  WrS= 

>  2 

1 

2 

1 

A02  LIFT+LIFT/CRUISE  VLC 

10 

10 

10 

6 

10 

5 

A03  RALS  VLS 

7 

7 

10 

10 

9 

4 

AOl  EJECTOR  VLS 

4 

4 

10 

6 

7 

3 

A04  REX  VIS 

4 

4 

1 

6 

3 

2 

AOS  HFVT  VIS 

1 

1 

1 

1 

1 

1 

C28  OOMPLEXITf  C29  PART  COUNT  C30  TECHNOLOGY  MATURITY 

C38  PART  ENVIBO^WENT 
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3ECXM)  LEVEL  RATINGS  -  AIRCRAFT  OOMPCMEhTrS 


MATRICES  REPORT 

NC®E:  C09:  SUPPC»TABILITY 


CRITBIIA  ( in  Colunais ) 


ALTERNATIVES 

C34 

C3S 

C36 

C37 

INDEX  RANK 

(rows)  WrS= 

>  2 

2 

1 

1 

AOS  HFVT  AC 

10 

10 

1 

10  S 

A02  LIFT+LIFT/CRUISE  AC 

6 

6 

7 

1 

6  4 

A04  REX  AC 

1 

6 

4 

1 

3  3 

A03  RALS  AC 

1 

6 

4 

1 

3  2 

AOl  EJBCTCR  AC 

1 

1 

1 

1 

1  1 

C34  MAINTENANCE  COSTS 

C3S 

MANPOWER 

C36 

REPLACEMENT  PARTS 

C37  SUPPORT  EQUIPMENT 

MATRICES  REPCKT 

NCa)E:  008:  MAINTAINABILITY 

CRITERIA 

(in  Columns) 

ALTERNATIVES 

C31 

C32 

C33 

INDEX  RANK 

(rows)  WSs 

>  2 

2 

1 

AOS  HFVT  AC 

10 

10 

10 

10  S 

A02  LIFT+LIFT/CRUISE  AC 

6 

6 

1 

5  4 

A03  RALS  AC 

6 

1 

1 

3  3 

AOl  EJECTC«  AC 

6 

1 

1 

3  2 

A04  REX  AC 

1 

1 

1 

1  1 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR 

C33 

REPARABILITY 

MATRICES  REPORT 

NC»E;  C07:  RELIABILITY 

CRITERIA 

(in  (Tolunns) 

INDEX  RANK 

ALTERNATIVES 

C28 

C29 

C30 

C38 

( rows )  VYrS= 

>  2 

1 

2 

1 

AOS  HFVT  AC 

10 

10 

10 

10 

10  S 

A02  LIFT+LIFT/CRUISE  AC 

7 

8 

6 

10 

7  4 

A03  RA1£  AC 

4 

6 

6 

6 

S  3 

A04  REX  AC 

4 

1 

6 

6 

4  2 

AOl  EJECTC*  AC 

1 

3 

1 

1 

1  1 

C28  COMPLEXITY  C29  PART  COUNT  C30  TECHNOLOGY  MATURITY 

C38  PART  ENVIBCMiENT 
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SECiCM)  LEVEL  RATINGS  -  AIRCRAFT 


MATRICES  REPCST 

NC»E:  C09:  SUPPCRTABILITY 

CRi'i'KKiA  (in  CJolumns) 


ALTERNATIVES 

(rows) 

wrs=) 

C34 
>  2 

C35 

2 

C36 

1 

C37 

1 

INDEX  RANK 

,  A04  REX  AS 

10 

10 

10 

1 

10 

5 

A03  RAl^  AS 

10 

10 

10 

1 

10 

4 

A02  LIFT+LIFT/CRUISE  AS 

10 

10 

10 

1 

10 

3 

1  AOS  HFVT  AS 

6 

6 

10 

1 

6 

2 

AOl  EJECTOi  AS 

1 

1 

1 

1 

1 

1 

C34  MAINTENANCE  COSTS  C35  MANPOWER  C36  REPLACBIEWr  PARTS 

C37  SUPPORT  EQUIPMENT 


MATRICES  REPORT 

N(X)E:  C08:  MAINTAINABILITY 

CRIT02IA  (in  Coltnns) 

ALTERNATIVES  C31  C32  C33  INDEX  RANK 

(rows)  vrrs=>  2  2  1 


A02  LIFT+LIFT/(3ttJISE  AS 

10 

10 

10 

10 

5 

AOS  HFVT  AS 

10 

6 

10 

8 

4 

A04  REX  AS 

10 

6 

10 

8 

3 

A03  RALS  AS 

10 

6 

10 

8 

2 

AOl  EJECTCR  AS 

1 

1 

1 

1 

1 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR 

C33  REPARABILITY 

MATRICES  REPORT 

NCX)E:  C07:  RELIABILITY 

CRITERIA 

(in  (Oolunns) 

INDEX  RANK 

ALTERNATIVES 

C28 

C29 

C30 

C38 

(rows)  Wrs= 

>  2 

1 

2 

1 

A02  LIFT+LIFT/CRUISE  AS 

10 

10 

10 

10 

10 

5 

A04  REX  AS 

6 

7 

10 

10 

8 

4 

A03  RALS  AS 

6 

7 

10 

10 

8 

3 

AOS  HFVT  AS 

1 

4 

10 

10 

6 

2 

AOl  EJECTOR  AS 

1 

1 

1 

1 

1 

1 

C28  CCMPIEXITY 

C29 

PART  COUNT 

C30  TECHNCX«JY  MATURITY 

C38  PART  ENVIBOWIENT 


SECOND  LEVEL  RAW  DATA  -  MAIN  ENGINE  COMPONENTS 


ALTERNATIVES  RAW  DATA  FOR  CRITERIA  REPORT 
NODE:  C09:  SUPPC»TABILITY 


CRITERIA  (in  Colinais) 


ALTERNATIVES  (rows) 

C34 

C35 

C36 

C37 

EJECrrC*  MEC 

2.0 

2.0 

3.0 

1.0 

LIFT+LIFT/CRUISE  MEC 

1.0 

1.0 

1.0 

1.0 

RALS  MEC 

2.0 

3.0 

2.0 

1.0 

REX  MEC 

1.0 

1.0 

1.0 

1.0 

HFVT  MEC 

3.0 

4.0 

4.0 

1.0 

C34  MAINTENANCE  COSTS 
C37  SUPPMrr  EQUIPMENT 

C35  MANPOWER 

C36  REPLAC01ENT  PARTS 

ALTERNATIVES 

NC«)E:  008:  MAINTAINABILITY 

ALTERNATIVES  (rows)  C31 

RAW  DATA  Ft«  CRITERIA  REPCKT 

CRITERIA  ( in  Columns ) 

C32  C33 

EJECTOR  MEC 

3.0 

2.0 

3.0 

LIFT+LIFT/CRUISE  MEC 

1.0 

1.0 

1.0 

RALS  MEC 

2.0 

2.0 

3.0 

REX  MEC 

1.0 

1.0 

1.0 

HFVT  MEC 

4.0 

3.0 

2.0 

C31  SERVICEABILITY 

C32  TIME  TO  REPAIR 

C33  REPARABILITY 

ALTERNATIVES 
NODE:  C07:  RELIABILITY 

ALTERNATIVES  (rows)  C28 

RAW  DATA  FOR  CRITERIA  REPCRT 

CRITERIA  ( in  Columns ) 

C29  C30  C38 

EJECTOR  MEC 

2.0 

2.0 

2.0 

1.0 

LIFT+LIFT/CRUISE  MEC 

1.0 

1.0 

1.0 

1.0 

RALS  MEC 

3.0 

3.0 

3.0 

3.0 

REX  MEC 

1.0 

1.0 

1.0 

1.0 

HFVT  MEC 

4.0 

4.0 

2.0 

2.0 

C28  COMPLEXITY  C29  PART  COUNT  C30  TECHNOLOGY  MATURITY 

C38  PART  ENVIRONMENT 
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SEOOn)  LEVEL  RAW  DATA  -  MAIN  ENGINE  SUBSYSTEMS 


I 


ALTERNATIVES  RAW  DATA  FOi  CRITERIA  REPORT 
NCMDE:  C09:  SUPP(»TABILITY 


CRITERIA  (in  Colianns) 


ALTERNATIVES  (rows) 

C34 

C35 

C36 

C37 

EJECTOR  MES 

2.0 

2.0 

2.0 

1.0 

LIFT+LIFT/CRUISE  MES 

1.0 

1.0 

1.0 

1.0 

RALS  MES 

3.0 

3.0 

3.0 

1.0 

REX  MES 

1.0 

1.0 

1.0 

1.0 

HFVT  MES 

2.0 

2.0 

2.0 

1.0 

C34  MAINTENANCE  COSTS 
C37  SUPPORT  EQUIPMENT 

C35  MANPOWER 

C36  REPLACEMENT  PARTS 

ALTERNATIVES 

NODE:  C08;  MAINTAINABILITY 

ALTERNATIVES  (rows)  C31 

RAW  DATA  FOR  CRITERIA  REPORT 

CRITERIA  ( in  Ck^lumns ) 

C32  C33 

EJECTOR  MES 

2.0 

3.0 

2.0 

LIFT+LIFT -'CRUISE  MES 

1.0 

1.0 

1.0 

RALS  MES 

3.0 

4.0 

2.0 

REX  MES 

1.0 

1.0 

1.0 

HFVT  MES 

2.0 

2.0 

2.0 

C31  SERVICEABILITY 

C32  TIME  TO  REPAIR 

C33  REPARABILITY 

ALTERNATIVES 
NODE:  C07:  RELIABILITY 

ALTERNATIVES  (rows)  C28 

RAW  DATA  PC»  CRITERIA  REPORT 

CRITERIA  ( in  Columns ) 

C29  C30  C38 

EJECTOR  MES 

2.0 

2.0 

2.0 

1.0 

LIFT+LIFT/CRUISE  MES 

1.0 

1.0 

1.0 

1.0 

RALS  MES 

3.0 

4.0 

3.0 

3.0 

REX  MES 

1.0 

1.0 

1.0 

1.0 

HFVT  MES 

3.0 

3.0 

2.0 

2.0 

C28  COMPLEXITY  C29  PART  COUNT  C30  TECHNCajOGY  MATURITY 

C38  PART  ENVIRONMENT 


109 


SEOOND  LEVEL  RAW  DATA  -  VESTICAL  LIFT  OOMPCa^ENTS 


ALTERNATIVES  RAW  DATA  PC«  CRITERIA  REPC«T 
NODE:  C09:  SUPPC»TABILITY 

CRITERIA  (in  Columns) 


ALTERNATIVES  (rows) 

C34 

C35 

C36 

C37 

EJECTC*  VLC 

3.0 

3.0 

4.0 

2.0 

LIFT+LIFT/CRUISE  VLC 

4.0 

3.0 

4.0 

2.0 

RALS  VLC 

3.0 

2.0 

3.0 

2.0 

REX  VLC 

1.0 

1.0 

1.0 

1.0 

HFVT  VLC 

1.0 

1.0 

1.0 

1.0 

C34  MAINTENANCE  CXDSTS 

C35  MANPOWER 

C36  REPLACEMENT  PARTS 

C37  SUPPORT  EQUIPMENT 

ALTERNATIVES 

RAW  DATA  FC® 

CRITERXA  REIPORT 

NC»E:  C08:  MAINTAINABILITY 

CRITERIA  ( in  Ck>limins ) 

ALTERNATIVES  (rows) 

C31 

C32 

C33 

EJECTOR  VLC 

2.0 

3.0 

2.0 

LIFT+LIFT/CRUISE  VLC 

3.0 

3.0 

2.0 

RALS  VLC 

3.0 

3.0 

2.0 

REX  VLC 

2.0 

2.0 

2.0 

HFVT  VLC 

1.0 

1.0 

1.0 

C31  SERVICEABILITY 

C32  TIME  TO  REPAIR  C33  REPARABILITY 

ALTERNATIVES 

RAW  DATA  FOR 

ORXTERXA 

NODE:  C07:  RELIABILITY 

(niTERIA  ( in  Columns ) 

ALTERNATIVES  (rows) 

C28 

C29 

C30 

C38 

EJECTOR  VLC 

3.0 

4.0 

3.0 

1.0 

LIFT+LIFT/CRUISE  VLC 

5.0 

5.0 

2.0 

3.0 

RALS  VLC 

4.0 

3.0 

3.0 

3.0 

REX  VLC 

2.0 

2.0 

3.0 

2.0 

HFVT  VLC 

1.0 

1.0 

1.0 

1.0 

C28  COMPLEXITY 
C38  PART  ENVmCWMENT 


C29  PART  COUNT 


C30  TECHNOLOGY  MATURITY 
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SEOCM)  LEVEL  RAW  DATA  -  VERTICAL  LIFT  SUBSYSTEMS 


ALTERNATIVES  RAW  DATA  FOR  CRITERIA  REPOyT 
NCaDE:  C09:  SUPPC«TABILITY 


CRITERIA  ( in  Columns ) 


ALTERNATIVES  (rows) 

C34 

C35 

C36 

C37 

EJECTOR  VLS 

2.0 

2.0 

2.0 

1.0 

LIFT+LIFT/CIOJISE  VLS 

3.0 

4.0 

3.0 

2.0 

RALS  VLS 

3.0 

3.0 

3.0 

2.0 

REX  VLS 

2.0 

2.0 

2.0 

1.0 

HFVr  VLS 

1.0 

1.0 

1.0 

1.0 

C34  MAINTENANCE  COSTS 
C37  SUPPC»T  EQUIPMENT 

C35  MANPOWER 

C36  REPLACEMENT  PARTS 

ALTERNATIVES 

NC®E:  008;  MAINTAINABILITY 

ALTERNATIVES  (rows)  C31 

RAW  DATA  FOR  (31ITERIA  REPORT 

CRITERIA  ( in  Columns ) 

C32  C33 

EJECTOR  VLS 

2.0 

2.0 

2.0 

LIFT+LIFT/CHUISE  VLS 

3.0 

4.0 

3.0 

RALS  VLS 

2.0 

3.0 

2.0 

REX  VLS 

2.0 

2.0 

2.0 

HFVT  VLS 

1.0 

1.0 

1.0 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR  C33  REPARABILITY 

ALTERNATIVES 
NC»E:  C07:  RELIABILITY 

ALTERNATIVES  ( rows )  C28 

RAW  DATA  PC*  CRITERIA  REPCRT 

CRITERIA  ( in  (Gluons ) 

C29  C30  C38 

EJECTCR  VLS 

2.0 

2.0 

2.0 

2.0 

LIFT+LIFT/CRUISE  VIS 

4.0 

4.0 

2.0 

2.0 

RALS  VLS 

3.0 

3.0 

2.0 

3.0 

REX  VLS 

2.0 

2.0 

1.0 

2.0 

HFVT  VLS 

1.0 

1.0 

1.0 

1.0 

C28  COMPLEXITY  C29  PART  COUNT  C30  TECHNOLjOGY  MATURITY 

C38  PART  ENVIRCMIENr 
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SECOND  LEVEL  RAW  DATA  -  AIRCRAFT  COMPONENTS 


ALTERNATIVES  RAW  DATA  PCR  CRITERIA  REPORT 
NC®E:  C09:  SUPPOJTABILITY 


CRITERIA  ( in  Columns ) 


ALTERNATIVES  (rows) 

C34 

C35 

C36 

C37 

EJECTOR  AC 

1.0 

1.0 

1.0 

1.0 

LIFT+LIFT/ CRUISE  AC 

2.0 

2.0 

3.0 

1.0 

RALS  AC 

1.0 

2.0 

2.0 

1.0 

REX  AC 

1.0 

2.0 

2.0 

1.0 

HFVT  AC 

3.0 

3.0 

4.0 

1.0 

C34  MAINTENANCE  COSTS 
C37  SUPPC«T  EQUIPMENT 

C35  MANPOWER 

C36  REPLACEMENT  PARTS 

ALTERNATIVES 

NODE:  COS:  MAINTAINABILITY 

ALTERNATIVES  (rows)  C31 

RAW  DATA  PCfi  CRITERIA  REPC*T 

CRITERIA  ( in  Columns ) 

C32  C33 

EJECTC®  AC 

2.0 

1.0 

1.0 

LIET+LIFT/CRUISE  AC 

2.0 

2.0 

1.0 

RALS  AC 

2.0 

1.0 

1.0 

REX  AC 

1.0 

1.0 

1.0 

HFVT  AC 

3.0 

3.0 

2.0 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR 

C33  REPARABILITY 

ALTERNATIVES 
NODE:  C07:  RELIABILITY 

ALTERNATIVES  (rows)  C28 

RAW  DATA  PC»  CKITERIA  REPC*T 

CRITERIA  ( in  Ckjlumns ) 

C29  C30  C38 

EJECTC«  AC 

1.0 

2.0 

1.0 

1.0 

LIET+LIFT/CRUISE  AC 

3.0 

4.0 

2.0 

3.0 

RALS  AC 

2.0 

3.0 

2.0 

2.0 

REX  AC 

2.0 

1.0 

2.0 

2.0 

HFVT  AC 

4.0 

4.0 

3.0 

3.0 

C28  CO^LEXITY  C29  PART  COUNT  C30  TECHNOLOGY  MATORITY 

C38  PART  ENVmCWMENT 
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SEOCM)  LEVEL  RAW  DATA  -  AIRCRAFT  SUBSYSTEMS 


ALTERNATIVES  RAW  DATA  PC*  CRITERIA  REPCRT 
NODE:  C09:  SUPP(*TABILITY 


CRITERIA  ( in  Cbiumns ) 


ALTERNATIVES  (rows) 

C34 

C35 

C36 

C37 

EJECTCR  AS 

1.0 

1.0 

1.0 

2.0 

LIFT+LIFT/CRUISE  AS 

3.0 

3.0 

3.0 

2.0 

RALS  AS 

3.0 

3.0 

3.0 

2.0 

REX  AS 

3.0 

3.0 

3.0 

2.0 

HFVT  AS 

2.0 

2.0 

3.0 

2.0 

C34  MAINTENANCE  COSTS 
C37  SUPPORT  EQUIPMENT 

C35  MANPOWER 

C36  REPLACEMENT  PARTS 

ALTERNATIVES 

NODE:  COS:  MAINTAINABILITY 

ALTERNATIVES  ( rows )  C3 1 

RAW  DATA  FOR  CRITERIA  REPORT 

CRITERIA  ( in  C^olunns ) 

C32  C33 

EJECTCR  AS 

1.0 

1.0 

1.0 

LIFT+LIFT/CRUISE  AS 

2.0 

3.0 

2.0 

RALS  AS 

2.0 

2.0 

REX  AS 

2.0 

2.0 

2.0 

HFVT  AS 

2.0 

2.0 

2.0 

C31  SERVICEABILITY 

C32 

TIME  TO  REPAIR 

C33  REPARABILITY 

ALTERNATIVES 
NODE:  C07:  RELIABILITY 

ALTERNATIVES  (rows)  C28 

RAW  DATA  PCR  CRITERIA  REPORT 

CRITERIA  ( in  C^olumns ) 

C29  C30  C38 

EJECTCR  AS 

1.0 

1.0 

1.0 

1.0 

LIFT+LIFT/CRUISE  AS 

3.0 

4.0 

2.0 

2.0 

RALS  AS 

2.0 

3.0 

2.0 

2.0 

REX  AS 

2.0 

3.0 

2.0 

2.0 

HFVT  AS 

1.0 

2.0 

2.0 

2.0 

C28  CXWPLEXITY  C29  PART  CXXJNT  C30  TECHNOLOGY  MATURITY 

C38  PART  ENVIRONMENT 
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